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INTRODUCTION. 



ON THE ADVANTAGES OF THE 
STUDY OF ASTRONOMY. 

Astronomy is a science which has con- 
ferred and is hourly conferring the greatest 
blessings on mankind. There are nomerons 
advantages to be obtained by its study, 
which are sufficient to recommend it to 
every enlightened mind. Who that has seen 
'^ the sun walking in brightness/' or the 
moon with her crescent or bright full orb 
illuminating the night, and beheld the in- 
numerable stars which bespangle the hea- 
vens, has not felt a desire to become 

B 
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acquainted with the nature of these bodies, 
and the laws by which they are regulated in 
their motions ? This liberal desire Astro- 
nomy gratifies, and becomes a source of 
much pleasure. As the botanist, who knows 
the names and qualities of the various plants 
he meets in the fields, has a double pleasure 
in his rural walks, so also the man who has 
some knowledge of Astronomy, when abroad 
at night, and in view of the starry heavens, 
recognises with satisfaction the planets and 
the constellations with whose figure-^he is 
acquainted ; and feels still higher pleasure 
on the occurrence of comets, eclipses, or 
other unusual phenomena. Nor is this plea- 
sure unaccompanied with peculiar advan- 
tage. There is an, expansion of mind ac- 
companying it, which enlarges~^the faculties 
of the soul. The mind of the ignorant 
ploughman, who knows merely a few vil- 
lages in his neighbourhood, is dwck, narrow. 
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and contracted, compared with the mind of 
that man who has mingled in the bnsy world, 
and is weU acquainted with other countries 
as well as his own, both by observation and 
reading. Astronomy conducts still farther, 
to view our whole world as making but one 
planet, and that not a very large one, in a 

m 

system of planets ; and the whole of that 

system, vast as it is, only as one of the grains 
of sand on the sea shore, compared with the 
boundless extent of the vast creation of 
Ood. 

Such reflections have a tendency to exalt 
the mind to the highest degree of piety. 
Thus the Israelitish king composed his most 
sublime psalms, the eighth and the nine- 
teenth, after a contemplation of the wonders 
of the heavens. From the same subject 

■ 

proofs of the greatness and wisdom of God 

are drawn in the thirteenth of the book of 

Wisdom. 

b2 
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From nature the mind rises up to nature's 
God. Young has well expressed it, that 

" An undevout Astronomer is mad." 

Cioero proves the perfections of the Deity 
from the creation of the heavens. Indeed 
the boundless power and wisdom of Divinity 
are not to be seen in any other way on such 
a magnificent scale. Thus, when the Lord 
answered Job from the whirlwind , and told 

him of the glories of heaven, he was humbled 
and confounded. 

As Astronomy excites true piety, so also 
a correct knowledge of it has removed much 
false religion, or superstition, which formerly 
prevailed in the world. 

In the dark ages an eclipse struck terror 
little less than an earthquake. The Athe- 
nian army which besieged Syracuse wa9 
about to depart from that city, when, un- 
fortunately for them, there happened an 
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eclipse of the moon. By order of tbe 
priest, they, therefore, determined to re> 
main nntil the next fut) moon ; but before 
that time they were overwhelmed by their 
enemies, and miserably perished. The Th^- 
ban army, whivh «as on its march to Thes- 
sidy, was stopped on its route by a similar 
canse. In lti8, A.C. when the army of 
king Perseus was preparing to engage the 
JBwVan army, an eclipse of tbe moon oc- 
eorred, and ^s direful presage, says tbe 
liulQriui, pnt an end to the Macedonian 
ujgdom.* Indeed, the anoient poets and 
rtorians are fhli of the terrors of the peo- 
B on the sigiit of unusual celestial pheao* 
leoa, and this superstition may be traced 
ifi to the dayfl of Ilomer.f 

An eclipse happened on ttw birth-day of 
tbe emperor Claudius, and it was deemed^ 

*'JuBdB, xxxiiL c. 1. t HoB«dlli»s, 
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necessary by the government, in order to 
quiet the terror and uneasiness of the peo- 
ple^ to have an account of the nature and 
cause of the phenomenon published. 

It was not an unusual opinion at an 
eclipse of the moon, that she was at the time 
attacked by some monster who was devour- 
ing her. The priests of Cybele, therefore, 
made as much noise as possible, with cym- 
bals and by shouting, in order to frighten 
the monster away. Voyagers tell us of 
savage nations who still do the same. 

In September, 1186, when the planets 
were all in conjunction, or near one another 
in the heavens, Jews, Christians, and Ma- 
hometans were in equal terror. 

Such superstitious dread is now, we may 
hope, for ever disjsipated; but there are 
still delusions among the ignorant, which, 
but for the diffusion of the knowledge of 
Astronomy, would be much more general. 



INTRODUCTION. f 

A belief of the power and inflaence of the 
heavenly bodies to determine the actions of 
all mortals, was long universally entertained; 
and it is only in our enlightened age that it 
is confined to some of the lowest in society. 
The more ignorant the country the more 
Ukely is such a superstition to be received. 
In 1762 the emperor Selim, of Turkey, 
sent to France to obtain the works of the 
Academy, and chiefly the works on Astro- 
logy. It probably surprised him, and per- 
haps greatly lessened his opinion of the wis- 
dom of the Academicians, when he was 
told that they composed no works on that 
subject, and utterly disbelieved the utility 

9 

and stability of the principles of the science. 
As the mind is exalted above dark super- 
stition by the study of Astronomy, it is also 
likely to be elevated above gross and mean 
pleasures. Pythagoras had an inscription 
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over the door of his school — *' Ov^m iyw- 

Hie taste produced by the study of the 
mathematics he considered as a necessary ' 
preparative to the study of philosophy. 
Anaxagoras said he was born to study 
Astronomy. Plato had the highest opinion 
of it. 

To the literary man a knowledge of As*- 
tronomy must psove gratifying, as it enables 
him to understand the works of ancient and 
modem poets, historians, and orators, in 
which allusions are made to astronomical 
itobjects. The ancients not having their calen- 
dar regulated by the accumulated experience 
and science of former ages, were obliged 
to mark and ascertain the return of the 
different seasons by an observation of the 
heavenly bodies. Hence the rising and set- 
ting of the principal stars, and other ordinary 
phenomena of the heavens were generally 
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knowB^ and to a person nnacqaainted with 
these subjects^ many parts of their works 
mast be unintelligible. Milton in many 
passages derives the finest and most sublime 
ideas from Astronomy. Orators have also 
drawn much illastration and ornament from 
the same science. 

In the ordinary business of human life, a 
knowledge of Astronomy may sometimes be 
turned to account. By knowing the North 
Pole star, we can at all times at night tell 

what direction is north, and hence we know 
the south, east, and west, with the interme- 
diate points. In walking over a large plain 
covered with snow, or in sailing on the 
water at night, this may prove useful ; and 
in the various accidents which befal a person 
who makes voyages to foreign climes, it 
may be of inestimable benefit. 

Before the invention of the mariners' 

compass^ the Arabian caravan3 found their 

B 3 



id lktttoi>vcnoK. 

way through the desert at night by obser" 
Ting the stars.* Ancient navigators «itirely 
depended npon them, when without sig^t 
of land.f 

These are some advantages an individual 
may obtain by himself studying Astronomy ; 
bpt there are other important advantages 
which the science has conferred on mankind, 
and which are obtained by a certain nam« 
ber of persons applying themselves to the 
stady for the benefit of society. The real 
situation of places on the globe has been 
ascertained by it^ and correct maps have 
been made thereby. Toledo in Spain, and 
Grrand Cairo in Egypt, were in ancient maps 
made 53^ distant from each other, whereas 
they are only 35°. Even in Britain great 
corrections have been made by means of the 

* Koran, Diodorus Siculus. 
t Virgil, ^iieid iii. 1. 515. Homer's Odyssey, v» 
Acts of the Apostles, xxvii. v. Id, 20. 
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Trigenometrical survey. In navigation, by 
means of knowledge and assistance derived 
from Astronomy, the sailor finds in what 
place he is, when in the midst of the ocean, 

and can find his way to any distant port. 
Hence all the wealth which commerce and 
foreign colonies present to Europe. 

By the constrnction of the calendars, we 
have oar common almanacs, and know be- 
forehand the seasons of the year which ap- 
proach, without judging by the uncertain 
state of the weather, or being obliged indi- 
vidually to watch the rising and setting of 
the stars. Hence clocks and watches have 
been regulated to great degrees of certainty 
and accuracy, which adds infinitely to the 
facilities of business, and the regulation of 
the affairs o^ life. 

The study of history has been promoted 
by Astronomy, and many dates have been 
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ascertained, by calculating the time Mfhen 
eclipses and other celestial phenomena re- 
corded in history have occurred. 

Thus it is known that the birth of Jesus 
Christ occurred four years before the vulgar 
8Bra; for Josephus tells us, that Herod died 

after an eclipse of the moon, which astrono- 
mers ascertain to have been four years be- 
fore the time usually supposed to be that 
when Christ was bom. M. Costard calcu- 
lated the time of the eclipse which happen- 
ed in the war between the Lydians and 
Modes, and found it to be six hundred and 
three years A. C. and by another calcula- 
tion he ascertained that the expedition of 

Xerxes was fqf^ hundred and seventy-eight 
years A. C. 
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^c. ^c. 



OF THE DIURNAL MOTION OF 
THE HEAVENLY BODIES. 

The Sun being the most brilliant by 
far of the heavenly bodies, his apparent 
motion is that which is most familiarly 
known. He rises on the eastern side of the 
horizon, ascending higher and higher in the 
heavens, and at last, at 12 o'clock, he 
comes exactly south, when he is at his 
greatest height; he then gradually descends 
and, at last, sets in the west. It is to be 
observed, that the same time intervenes 
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between sun-rising and 12 o'clock, as be- 
tween 12 o'clock and sun-set. Also^ if it 
be observed at what point in the east the 
sun rises, and how far that is from the north 
point of the horizon, it will be seen that he 
sets in the west at the same distance from 
the north.* 

The Moon has a diurnal motion exactly 
similar to that of the sun. She rises in 
the east, gradually advances to the south, 
and then descends and sets in the west. 
The same time which intervenes between 
the moon's rising and her coming to the 
meridian, or being exactly south, intervenes 
betwixt her being exactly south and her 
setting. Also the same distance from the 
north or south at which she rises, will 
she be from the north or south when she 
sets. 

The Planets and Fixed Stars have 

* This is not precisely tru«, for when thie day is 
lengthening there will be a little longer time from 
12 o'clock to sun-set, than from sun-rise to 12 o'clock, 
and the point of the horizon where he sets will be a 
little nearer the north; so also vice versd. 
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an apparent diurnal motion, in every respect 
similar to that of the sun and moon. 

Stars are scattered throagfaout infinite 
space in every direction. There are stars 
above us in the heavens during the day, 
as well as at night, although we do not see 
them on account of the brilliancy of the 
sun's light. The feeble light of a candle 
cannot be seen during the day at a dis* 
tance on account of the superior light 
of the sun. If we observe the light of 
the morning advancing, the smaller stars 
first disappear, and afterwards at sun rise, 
the larger stars also become invisible. In 
the twilight of the evening the larger stars 
are first of all seen, then as the light of the 
twilight diminishes smaller stars are seen, 
and at last the whole of those which are 
visible to the naked eye. In the time 
of moon-light many of the smaller stars are 
not seen. It is clear from these observa* 
tions, that there are stars in the heaven in 
the day-time, as well as at night, which 
are not seen, merely from the too great 
brightness of the sun's light. If we observe 
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Polar star, wkkh will be luefiil finr DUtny 
pnrposesy and amongst others he may always 
be able to tdl the north, south, and other 
points of the compass at night, when he 
sees this star, which is always aboat dne 
north. If the student knows the constdla- 
tion called Ursa Major, or Charleses Wain, 
and in some places is called the Plough, he 
may easily find the Polar star. A line 
drawn through the two principal stars, or 
the handles of the Plough, will point to 
the Pole star, which is the star at the 
end of a constellation, smaller indeed, but 
very much like it in appearance, trailed 
Ursa Minor. Now this Pole star is almost 
exactly at the North Pole, or that part of 
the heavens which would be touched by the 
pole of the eartb, produced and extended 
so far. The apparent motion of the stars 
arising merely from the real motion of the 
earth, as our North Pole is at rest, so also 
the North Pole of the heavens appears to be 
at rest, whilst the constellations revolve 
around it exactly in the manner as may be 
seen by turning round the celestial globe. 
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It was this star which was of so imioh 
utility in navigation before the invention of 
the mariners' compass, and was first obser- 
ved with a view to conduct their ships dirongh 
the sea by the Tyrians. 

The diomal motion of the snn, moon, 
planetSy and fixed stars, may be impressed 
upon the mind by performing problems on 
the celestial globe. 

Thus to represent the sun's diurnal motion 
for May 1st. 

On the horizon of the globe it will be 
seen that his place is the 11th of b. Elevate 
the North Pole 51^^ for the latitude of Lon- 
don, and find the 11th of b in the ecliptic, 
and bring it to the meridian and set the in- 
dex ,to 12. Then bring IV of b to the 
eastern side of the horizon. It will b#seen 
that the point where the sun rises is east 25° 
north, and that the time is 37 minutes past 
four, or seven hours 23 minutes before twelve. 
Bring the sun's place 11° of b to the western 
side, where he sets, and it will be found 
to be west 25° north, and the time as ascer- 
tained by liie index 23 minutes past seven. 
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In the same manner it may be shown for any 
Other day of the year. 

Supposing the moon to be in 25° of n. Th^ 
pole being elevated 51^° as before, it wiH 
be found that the moon rises from east 40^ 
north, is eight hours and a quarter in cominf^ 
to the meridian, and an equal time in de- 
soending to the western horizon, where she 
sets west 40° north. 

Sirius will be found to rise from east ^[f^ 
south, to take four hours three quarters to 
come to the meridian, an equal time to des- ~ 
cend, and will set also west 27° south. 
\^ inhe first-step bi the study of AMmrioiiI]^- . 
. jNigkttb be^ to impress dearly on tihe iiri«i4 
tbii«|ifiW9iit idotion of the heavenly bod^^ •; 
and actually to dbtmvB it mtie real Aeaiw^iu ') 
It wfl^be to no purpose to leafli: partioidan 
of bodies of which little or no idea ii 






tained, except that of figures engraved 
upon paper ; j^t too frequently mere trifling 
of that sort arrogates to itself the name of 
the study of Astronomy.* 

• The author is well aware, from his professional 
experience, how readily this principle will be admitted 
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The apparent motion of the heavenly bo- 
dies, from east to west, is caused by a real 
mo Jon of the earth upon her axis from west 
to east. As the earth tarns round, the ob- 
jects which disappear are seen last on its 
western side, a^d the objects which come 
in sight are first seen by the spectator to- 
wards the east, and sun, moon, planets, 
fixed stars, and comets, in their apparent 
places in the vast vault of heaven, from one 
and the same cause, all appear to have one 
and the same kind of motion. 
' The very youthful student ought to be 
told, that though these bodies all appear to 
tbo e^ to be about the same distance from 
us, they are placed at distances exceedingly 
different. The moon is about 240^000 miles 

» 
by die ladies and gentlemen who devote part of their 

leisure hobrs^to the acquisition of a knowledge of 
the elements of science ; and how seldom their indo- 
lence will allow them to put it in practice. Unlessy 
however, the real heavens be observed, very indis- 
tinct ideas will be formed of celestial phenomena, and 
difficulty will be experienced, where otherwise every 
thing might be simple and edsy.^-Ferbum sapientu 
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from ns ; the sun is 400 times as far ; the 
planets are at various distances, three of 
them sometimes nearer ns than the sun, and 
sometimes farther off, th^ other planets are 
much farther : the fixed stars are all at a 
distance so infinitely great, that the distance 
of the sun is but as the point of a needle 
compared to it. 

That apparent blue vault of heaven, which 
.we see, is not a solid substance, but merely 
a vast, void, empty space, throughout which 
nature has placed the difierent bodies. It 
appears blue in the day-time from the reflec- 
tion of some of the particles of light from 
the atmosphere. Were there no atmosphere 
around the earth, the colour would be merely 
black, or the absence of light. At 
night, when the rays of the sun do not visit 
us, we see that tl^e heavens appear quite 
black. 

A very little reflection will satisfactorily 
prove that the diurnal motion of the heaven- 
ly bodies is merely apparent, and caused by 
the real motion of the earth on her own 
axis. The same appearances would arise 
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whether the son, moon, planets^ and fixed 
stars revolved round the earth in twenty- 
fonr hoars, whilst the earth remained at rest, 
or from the earth revolving on her axis in 
the same time. We may easily satisfy our- 
selves that the latter supposition is that 
which actually takes place. On viewing 
Venus, Mars, Jupiter, and Saturn, with a 
telescope, we perceive that each of these 
planets revolves in a certain time, and that 
to the inhabitants of these bodies it must ap- 
pear as if the sun, and all the other heavenly 
bodies, were revolving round them, in the 
same manner as they appear to do from our 
earth. We are led then to suppose, that 
our planet may revolve like the rest ; and in 
this idea we shall be confirmed when we 
^ reflect on the vast size, and distance of the 
sun, the boundless distance and infinite 
number of the stars, and that the velocity 
required to produce a diurnal motion, would 
infinitely exceed all that imagination can de- 
vise ; whilst a simple and easy motion of the 
earth on her axis, would at once solve the 
phenomenon. The son is more than a mil- 
lion of times as large as the earth, and is 
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distant ninety-six millions of miles ; were 
he then to perform a revolution aronnd the 
earth in one day^ he would have to travel 
at the rate of three thousand five hundred 
miles in a second. But the planet Herschel, 
in that part of his orbit which is farthest 
from the earth, is twenty times as far di«-> 
tant, and would, therefore, have to travd 
within the same time seventy thousand miles 
in a second, which is about five or six hun« 
dred thousand times as fast as a cannon- 
ball. But the distance of the stars is so 
great^ that the distance of the sun com- 
pared with it is but as the point of a needle, 
and they are suns like our sun, and more 
numerous than the sand of the sea ; and to 
suppose that so many boundless worlds 
should in twenty-four hours perform a jour- 
ney so vast, and with a rapidity swifter 
than light itself, to revolve round our little 
globe, would be infinitely absurd, and we 
cannot entertain the smallest possible doubt 
that the apparent diurnal motion of the 
heavenly bodies is caused by the revolution 
i^f the earth on its own axis» 
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OF THE SUN AND HIS APPARENT 

MOTION. 

The mind being rendered familiar with 
the dinmal motion of the heavenly bodies, 
the annual motion of the snn is next to be 
considered. When the son is above the 
horizon most of the heavenly bodies disap- 
pear^ and the mind which has not been fa- 
miliarised with the study of Astronomy, 
is apt to suppose that no stars are then 
in the heavens ; but they are there, and were 
the snn to be veiled they would appear. 
This has actually been the case, when there 
has been a total eclipse of the sun, by the 
moon coming between us and him, and in- 
tercepting the whole of his light, and the stars 
have appeared as distinctly as at midnight ; 
but the moment the moon has passed over, 
and a glimpse of the sun's beams has shone 
out, from the superior brilliancy of his light, 
their feeble light has been undistinguishable 

c 
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and they have been, therefore, no longer seen. 
With a very good telescope the large stars 
may be seen in the day-time^ but it is a 
difficult operation. From the bottom of a 
very deep draw-well, to which no part of the 
sun's rays can reach, such large stars as 
might be directly over head would be visi- 
ble. Thus, also, the stars are said to be 
seen from the bottom of some mines. The 
sun therefore goes on through the heavens 
with stars on every side of him, during the 
day, although they are unseen, precisely in 
the same manner as the moon, whose rays 
are not so powerful as to extinguish the 
brightness of her attendants. Now the sun 
has an annual motion amongst these stars, 
which must be clearly understood. Were 
we able to see the stars near the sun to day, 
and take notice of those behind him, or to 
the east of him, and were we a month after 
to look at them, we should see that he was 
fallen back behind those which had been 
behind him, or to the east of him ; and 
were we again to make an observation 
^ month after, we should see that he was 
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Still falling behind ; and were these obser^* 
vations continued for twelve mbnths, wd 
should find he had made a progress round 
the heavens. Now observation was made 
by mankind at a very eariy period^ and in 
the manner following. It was observed what 
large stars were near the eastern side of the 
horizon just before the sun rose, and near to 
where he was to rise. It was also observed 
what stars were visible after sun set, and 
near where he set. In a month after it was 
seen, that at his rising the stars which had 
risen but just before him now rose a long 
time before him, and that many other stars 
intervened, so that he had fallen back all that 
Space ; and at his setting it was seen that 
the stars which had been a long way behind 
him were now very near him. In this man- 
ner was the ecliptic, or sun's annual path 
through the heavens, ascertained by obser- 
vation. 

By close and accurate observation astro- 
nomers have clearly determined that the sun, 
in passing round the heavens in the course 
of one year, does not go over precisdy an 

c 2 
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eqaal Bpace on every day, bat at that period 
when his diameter appears a Utile larger 
than vsaal, he moves rather faster, and at 
some times he moves.ratbear more slowly. 

It woidd be enjoining perhaps too heavy 
a task on the student to expect him to make 
a similar observation ; but, if he live in the 
conntry, where he has an advantage which 
but very few enjoy in town, of being able to 
fake an extensive view of the heavenly bo* 
dies every clear evening, he may have per- 
severance enough to observe the course of 
the moour The moon^s path is not precisely 
the same as that of the sun^ but it is nearly 
so, and if the student observe near what star 
the moon is any evening ; and, look at hear the 
following evening, he will see she has fallen 
back a considerable way, and still more by 
the next evening, and in the course of about 
27i days, she will have completed her tour 
round the heavens, and described in that 
time the same path which the sun does in 
the course of one year. The student^ when 
he traces the moon's path in the heavens, 
from evening to evening, ought to find tbe$e 



THB SIGNS OF THE ZOBIAC. 29 

9iar9 alto on his celestial globe, and thus he 
will have a much clearer idea of the ecliptic 
then barely by residing books and looking at 
engraved plates. 

The planets in different periods of time 
move round the heavens from west to east, 
in paths never departing far from the eclip- 
tic, not more than eight degrees on the one 
side or on the other. This space on each 
side of the ecliptic is called the zodiac, and 
has been divided into twelve parts, called 
signs, corresponding with the twelve months 
of the year. 

As the son was 'supposed to pass through 
the heavens in 900 days, the circle of the 
ediptic was divided into 360 degrees, and, 
in conformity to the division of twelve months 
in the year, these were divided into twelve 
ttgns, of thirty degrees each. These signs 
are called in Latin and English as follows : 

€\f^ Ariet. .... .The Ram, which the Sun enters Mtrch fO 

^ Tsuriu ....The Ball April SO 

n Gemini . . • .The Twins. • May 21 

85 Cancer . . . .The Crab June 21 

Slheo TheUon Joly S3 
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IIRViigo The Virgin August i$ 

rf& Libra The Balance .,. . • Sept. itS 

ni Scorpio • • • .The Scorpion October tS 

f Saf^ttarins. .The Archer «. .^ • • • • Notcib. S9 

f^ Capricomos Capricorn Decern. 22 

SS Aquarius. • .The Water-bearer. • • • • • January 21 

HPisces ... .The Fishes Feb. 19 

It is believed that these signs were first 
named by the Egyptians^ who ascribed to 
them the names of such animab as, from 
different reasons, they thought most appro- 
priate. 

<r Aries, or the Ram, was so named be- 
cause, at the 20th of March, when the sun 
enters this sign, iambs began to be brought 
forth in numbers, t The symbol is the 
figure of the Ram's horns. Jupiter Am- 
mon was worshipped under the figure of a 
ram. 

8 Taurus, or the Bull, was so ^amed be- 
cause calves were most frequently brought 
forth in this month. The symbol 8 is the 
face and horns of the bull. 

The god Apis, who was worshipped by the 
Egyptians under the figure of a bull, is sup-* 
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pbsed to have been intended on the globe* 
The Greeks considered the bull as a figure 
of the one which carried off Europa. 

Within the bounds of this constellation 
are some remarkable stars. Aldebaran, and 
several others near him, have had the name 
of Hyades, and were supposed to bring raiii. 
They are called the Tristes Hyades in Vir* 
gil. They have been supposed to represent 
the daughters of Atlas. The Pleiades, or 
seven stars, so called from Tlxstv, to sail, be- 
cause when the sun was near them, it was 
the proper time to draw down the ships 
which had been laid up during the winter^ 
Homer and Attains Geminus speak of six 
of them ; but Aratus, Hipparchus, and Pto- 
lemy, mention seven. One of them is now 
not to be seen, and is one of the stars which 
is lost from the heavens. 

n Gemini, or the Twins, were marked on 
the Egyptian globes by two young goats, for 
a similar reason as the two former signs. 
The Greeks changed the two goats into the 
figmre of Castor and Pollux, the twin sons 
of Leda. n The symbol denotes friendship. 
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7 and } in this constellation, according to 
ancient fables, are the two asses whose cries 
assisted Jupiter in his wars with the giants. 

® Cancer, or the Crab, was so named 
because the stin, on entering into that con- 
stellation, had arrived at his greatest north- 
em declination, and was now about to go 
backwards. ® The symbol denotes the claws 
of the crab. On ancient monuments in 
Egjrpt this sign is denoted by Mercury and 
Anubis and his dog, which had the head of 
a man. 

Si Leo, or the Lion. As the sun enters 
this sign on the 23d of July, he passes 
through it in the hottest season of the year. 
The JBgure of a lion, the JBerce inhabitant of 
warm climes, was deemed emblematical of 
this heat. At this time the Nile overflowed 
Egypt, and the figure of a lion's head was 
usual on the gates which opened the ca- 
nals. The symbol is the rump and tail of 
the lion. 

vji Virgo, the Virgin, was intended by 
the Egyptians to represent the goddess Isis. 
Among the' Greeks this was changed into 
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Ceres, the goddess of gofd, and a stalk of 
com was added. The symbol is a corrnpted 
repFesentation of three beads of com. 

^ Libra, or the Balance, was at first a 
constellation and sign marked by the long 
claw of the Scorpion, the following constel- 
lation. In the time of Augustus Caesar, in 
compliment to the justice of his govem- 
menty the figure of a balance was here 
placed* 

Anne novum tardis Vidus te mensibus addas 
Qua locus Erigonen inter Chelasque sequentes 
Panditur ; ipse tibi jam brachia contrahit ardens 
Scorpius, et c<eli justa plus parte relinquit 

Virgil, Georg. I. 32, &c. 

As the day and night are equal at the 
time the sun enters this sign, the balance 
is a very proper emblem also oh that ac- 
count. . 

nt Scorpio, or the Scorpion, is supposed 
to have been so named because it was in 
Egypt a sickly time of the year. It was 
dedicated to Typhon, the brother of Osiris, 
who was scant by Diana against Orion. The 

c3 



34 THB SUN'S APPARENT MOTION. 

Sting in the tail of the symbol vi is em- 
blematic of the scorpion. 

4^ Sagittarius, or the Archer, is sap- 
posed to have been given as the name to 
this sign, as it was a month adapted for 
liunting. On ancient obelisks the emblem f , 
an arrow, is sometimes seen. It is sup- 
posed that Hercules was the figure on the 
Egyptian globe, but the Greeks changed it 
into Chiron, the Centaur, the preceptor of 
Jason, ^sculapius, and Achilles. This fa- 
bulous figure, compounded of a horse and a 
man, is retained upon our globes. 

Vf Capricomus, Capricorn, or Goat, was 
made theremblem of this sign, because the 
sun, haying now got to the farthest distance 
and lowest declination, begins to come 
north, and consequently to be higher and 
higher every successive day. This is em- 
blematically represented by a goat, an ani- 
mal fond of climbing up the sides of rocks. 
The figure of a common goat was often re- 
. presented on the globe ; but that of Pan, 
the fabulous deity in part composed of that 
animal, in the attitude of plunging into the 
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Nile, to escape fromTj'phon, wassabstitated 
by the Greeks. The symbol yf represents 
the goat's horns. 

Off Aquarius, or the Water-bearer, is sup* 
pbsed to have been put from the necessity, 
which would in this month begin to be felt^ 
of watering the shrubs of the garden, the 
water from the overflowing of the Nile be* 
ing now dried up. In Chaldea and Arabia 
this would be still more necessary than in 
Egypt. Plutarch tells us the Egyptians had 
a festival at this season, in which they poured 
water into the sea. The figure on the globe 
was called by the Greeks Ganymede, Jupi- 
ter's cup-bearer. The symbol ffff evidently 
represents waves of water. 

K Pisces, or Fishes, are the last sign* 
On some ancient monuments have been 
found fishes, dedicated to Nephthis, the 
Egyptian god of the sea. Some have said 
there was anciently the figure of Venus and 
her son throwing themselves into the water 
to escape from Typhon. The symbol X is 
meant to represent two fishes, and the figure 
%>f two flushes is on the globe. 
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The Ecliptic may with some degree of 
accnraoy be traced by the eye in the hea- 
TenSi by means of some large stars near it. 
Not far from the seven stars are the Hyades, 
the largest of which is Aldebaran, which is 
the eye of the Bali in the constellation Tau- 
rus 8 , a little south of the ecliptic. To the 
nortli-west of this star, at some distance, is 
the chief star of Aries ^» To the north-east 
of Aldebaran are Castor and t^oUux, two 
large stars, the principal of the Gemini n . 
Regulns, or the Lion's Heart, is on the 
ecliptic. The Virgin's Spike is a very large 
star, almost on the ecliptic, being a little 
south of it. Antares, or the Scorpion's Heart, 
is also a little south of the ecliptic; and 
much farther to the east is Fomalhaut, or 
the Southern Fish, some way south from 
the ecliptic. Several of these stars are al- 
ways above the horizon, and, when once 
known, the line of the ecliptic may easily 

be traced. 

The distance of the sun, or any heavenly 
body proceeding to the east from the first of 
Aries, counted. on the ecliptic, is called the 
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LoNGiTubE. The distance north or south 
of the ecliptic is called the Latitude. 

Were a line to be di^lm round the hea- 
yens at exactly an equal distance from the 
north and south potes^ it would be the 
Equator of the heavens ; or were the plane 
pad£;ing through the equator and centre of 
the ecirth to be continued on to the stars^ 
it would also exactly coincide with this 
equator. The equator eaid ecliptic intersect 
each other at two points, the first of Aries 
and the first of Libra. The angle made by 
this intO'sectioiiy called the Obliquity of the 
ecliptic> is calculated to be on the first of 
January, 1820, 28° 27' 67", 8. This angle- 
in the beginning of 1769 was calculated by 
Dr. Maskelyne to be 23'' 28' 10". It is gra- 
dually diminishing ; but it is' shown by La 
Flkce that, after a certain number of years, 
it will begin again to increase, and, having 
attained iti$( maximum, will after that again 
diminish. The distance of the ^un or any 
other heavenly body from the equator, either 
north or -si^utb^ is called the Declination. 
The sun's declination varies every day^ as 
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he moves along the ecliptic, and when he' 
is {it either of the tropics is 23° 27' 57'; 8. 
The distance of any heavenly body from the 
first of Aries, counted on the eqaator, is 
called the Right Ascension. 

The student who examines his celestial 
globe will be at first surprised not to find 
the boundaries of the twelve signs to cor- 
respond with the boundaries of these twelve 
constellations. They did so when the ce« 
lestial globe was made byHipparchus, about 
120 A.C. and the first of Aries, in which 
the sun entered on coming to the equator, 
in the vernal equinox, was the beginning of 
the constellation of Aries; but every suc- 
cessive year the sun has come to the equator, 
at a point a little more to the west than the 
preceding. This progress is exceedingly 
slow, about 5(H"" in a year, or a sigh of 80^ 
jn 2145 years; so that the first of Aries is 
now a sign more to the west than the 
star y of the constellation Aries, In the 
course of 25,740 years the beginning of 
Aries will be where it was in the time of 
Hipparchus. 
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III consequence of the precession of the 
equinox, the sun arrives ag^n at the equator 
a little sooner than he arrives again at any 
particular star. Hence the solar year and 
the sidereal year are not precisely the same* 
The solar year consists of 365 days 5 hours 
48 minutes 45) seconds, whilst the sidereal 
year consists of 365 days 6 hours 9 minutes 
14i seconds, which is 20 minutes 29 seconds 
more. 

In a temple of Den-dera, the ancient Ten- 
tyra in Egypt, were not long since disco- 
vered two zodiacs, in which the sun is 
placed at the summer solstice, at about 24° 
of Cancer ; those therefore must have been 
made about 3800 years ago, and prove the 
antiquity of the science of astronomy. 
. There was a zodiac found at Esne, where 
the sun is placed in Leo, at the summer 
.solstice, in a place of the heavens where he 
could not have been at any time since about 
5400 years ago. Such zodiacs give us rea- 
son to believe that the traditions of histo- 
rians, that, astronoihy was studied by the an- 
tediluvians, are well founded, as these may 
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be believed to have been copies of zodiacs 
miuie'at a former period. 

A little observation will show that the snn 
rises at a different point in the horizon at 
different times of the year, arrives to ve^ 
different degrees of height when at the mV 
ridian, and makes a proportional difference 
in the length of the day. tf at London the 
sun be observed, when rising at the shortest 
day he will be 40° from east towards the 
south, at mid-day he will be bnt 15^ above 
the horizon, and the length of the day wiH 
be only seven hours and a half. At the ver« 
nal equinox, or 21st of March, the sun rises 
exactly east, comes to the meridian 38^^ 
above the horizon, and the length of the day 
is twelve hours. At the longest day, or 21st 
of June, the sun rises 40° from, the east to* 
wards the north, at mid-day is 62° above 
the horizon, and the length of the day is 
sixteen hours and a half. These phenomena 
may be shown by rectifying the globe for the 
latitude, and bringing the sun's place for 
afiy given day to the meridian, and then 
setting the index to twelve ; after that brings 
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ing tbe son's place to the horizon, nofioing 
the point of the compass, time of rising, 
then to the meridian, and counting the 
degroes of elevation above the horizon. 
Bud afterwards bringing it round to the 
west. 

By elevating the pole a number of de- 
grees equal to those of the latitude of any 
other place, the same phenomena may be 
shown as they will appear at that place. It 
will be found that at places farther south 
than London the day is longer in winter, 
but JBhorter in summer, and that both in 
soAinier'and winter the sun is higher above 
tlie hoiizdn at twelve o'clock than he was 
at the same time at Ldndon. On the other 
hand,, at places farther north than London, 
the d^y is shorter in winter, but longer in 
tammer ; and in summer and winter the sun 
does not rise so high above the horizon as 
at London. 

In performing this problem it will be ob- 
served how small the arch is which is de- 
8<sfibed by th^ sun at the shortest day, and 
how mocb it increases in proportion as the 
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soil rises liirther towards the north as th^ 
day becomes longer. 

To impress these phenomena on the mind» 
let the pupil find the length of the day, the 
number of degrees from the east, either 
towards the north or towards the south of 
the point in the horizon where the sun rises, 
and the meridian altitude on January 1, 
April 1, July 1, and October 1, at Berghen, 
in latitude 60^11'; at London, latitude 51|^ 
at Lisbon, latitude 38^ 42^, and at Alex- 
andria, latitude 30"" 21'. 

The apparent size of the sun is different 
at different times of the year, by which it is 
known that he is farther distant at one time 
than at another. Let us suppose the whole 
circle of the heavens divided into 360^, each 
of which may be subdivided into 60', and 
each of these into 60*, &c. The apparent 
size of the sun's body, when greatest, is 
82^ 37" 30"', and when smallest 31' 32" 30", 
which gives the mean apparent size 32' 5*. 

Any globe, when viewed at a little dis- 
tance, will appear to the eye a circular 
plane, all difference of light and shade from 
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the greater or less distance of the parts 
being lost and imperceptible. Hence the 
son, moon, and planets present to as the 
appearance of planes. A ball of iron heat' 
ed red hot wonld^ at a few yards distance, 
be exactly similar in appearance to a flat 
piece of iron. 

The diameter of the sun being abont 
880,000 English miles, his bulk is nearly 
1,400,000 times as great ; but his density 
being estimated at only lyV ^^^ of water, 
whikt that of the earth is 4^ that of water, 
the quantity of matter in the snn is not more 
than from 3 to 400,000 times that of the 
earth. 

When the son is seen through a telescope 
which, to enable the eye to behold him, has 
a green shade of silk or a shade of smoked 
glass, it is found that his body does not 
present one uniform blaze of light, but that 
there are large spaces which are dark and 
from which no light proceeds. These are 
called the spots in the sun. These spots 
appear on one side, gradually come on to 
occupy the middle of the body of the sun. 
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and, after a time, disappear on the other 
side, and, after a certain number of days, 
re-appear. By this observation it is mani- 
fest that the sun has a revolution on his 
axis, and long and correct observation has 
determined this to take place in about twenty- 
five days and a half. The equator of the 
sun is found to incline about 7f ^ to the plane 
of the ecliptic, or the line of his course 
through the heavens. The solar spots are 
not perpetual, but are sometimes on one' 
part and sometimes on another, and some 
years they are much more numerous than in 
others ; yet some spots will continue for a 
long time, which enables astronomers to 
renew, when they please, their observations, 
to determine the period of his revolution on 
his axis. In general the spots are seen 
within 30° of the solar equator, but some 
have been seen as far as 44° from his equator. 
After sun-set in the spring of the year 
there is often td be seen a phenomenon which 
has been termed the zodiacal light. It is 
of a white colour, like a pyramid in shape, 
of which the base is the sun and the top the 
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zodiac. It was remarked in 1688 by Cas* 
sini. It is supposed to be the atmosphere 
of the sun. It is certainly very rare, as 
stars are easily seen through it. It some- 
times inclines at an angle of 45*^ or even of 
100® or 120^. The cause of this phenome- 
non is still in considerable obscurity. 

Mathematicians have endeavoured to cal- 
culate the distance of the sun by the rules 
of plane trigonometry, the base being the 
radius of the earth, and the angle at the me- 
ridian and at the horizon being observed. 
It is unnecessary here to enter into a detail 
of the methods by which this is effected ; 
the result is, that the distance of the sun 
from the earth has been found to be about 
23,578 semi-diameters of the earth. 

It has been a question of great import- 
ance in all ages, what was the nature of the 
sun's body, and what was the source of his 
light. 

•* Whence are iby beams, O sun ! thy everlasting light ?" 

By some it was thought the sun was a 
body of fire, and that he gave out light and 
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heat in the progress of his conflagration. 
It is now more usual for Astronomers to 
suppose that the stin is encompassed with 
the matter of light, much in the same man- 
ner as our earth is by the atmosphere, and 
projects the light from him on surrounding 
space, whilst his own body may perhaps be 
an habitable world. The spots have been 
supposed to be parts of the body of the sun, 
but others have imagined them to be like 
clouds floating aboat him. It is impossible 
at present to decide, and therefore the most 
prudent part for the student is to suspend 
his judgment on this subject until further 
knowledge shall have been obtained respect- 
ing the real nature of light and heat; and, 
from the discoveries now constantly making, 
we may hope that something more perma- 
nent than theories hitherto received will 
soon be obtained. 

The vast magnitude of the sun causes 
him to be the centre around which the earth 
and planets revolve. The SOLAR SYSTEM, 
consists of the Sun, Mercury, Venus, the 
JSarthy with her attendant the Moon, Mars, 
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Ceres, Pallas, Juno, Vesta, Jupiter, with 
his four moons, Saturn, with his seven 
moons, and, lastly, Herschel, with his six 
moons. Besides these are also the comets. 
Before entering upon an account of the 
laws by which all these planetary bodies are 
regulated in their revolution round the sun^ 
we shall give a description of them one by 
one, 
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Thb planet Mercary^ when seen a little 
before sun-rise, or a little after snn-set, is 
brilliant and sparkling like a diamond. 
From his vicinity to the sun the light which 
falls upon him must be intense, and conse- 
quently the light reflected from him may be 
expected to be vivid. It is but seldom that 
he is to be seen by the naked eye, only at 
such times as he is at his greatest distance 
from the sun, which never exceeds 29^. 
After he first begins to be distinguished in 
the evening immediately after sun-set, he 
recedes, by little and little, from the sun, 
proceeding then directly through the stars of 
the ecliptic, from west to east ; but in a few 
days he is at his greatest elongation, when 
he sets, at the farthest, within an hour and 
fifty minutes after the sun; and then he 
gradually approaches the sun, and after a 
few days is lost in his light. After being 
many days invisible, in the morning he is 
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seen again before sun-rise, and for a few 
snccessiye momingps earlier and earlier, 
moving then from east to west, when he 
rises, at the farthest, an hour and fifty 
minutes before the sun ; but, having got to 
his greatest elongation, he again returns 
direct towards the east, and, in a few days, 
replunges into the light of the solar ray, 
when he becomes invisible to our eyes. 

The time occupied by Mercury in going 
Eoupd the heavens, from any part of the 
ecliptic, to bis return to that part is about 
88 days ; or to give the precise time, in 
order to show the extreme accuracy of 
modern astronomy, is 87 days, 23 hours, 
14 minutes, 25 seconds, and i% of a second. 
The time which elapses between his greatest . 
elongation from the sun and his return to 
that elongation on the same side of the sun, 
whether as a morning or evening star, is 
about 116 days* 

A reference to the diagram will explain 
the cause of Mercury appearing to be at 
one time direct and at another time retro* 
grade in his motion. 

D 



60 



OV MBRCimY* 




Let S be the snn, A C M B the orbit of 
Mercury, RET part of the orbit of the 
earth, HON the distant firmament of 
istars. Let E be the earth's place, and M 
the fJace of Mercury at his greatest elong- 
ation from the sun. The observer at E will 
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f«fer him to the stars at N, and as Mercdry 
moves mach more quickly through the heiir 
vemt than the earth we may consider the 
earth as remaining at rest at E, and ap 
Mercury goes on his orbit M B A he will 
appear to pass through the heavens, so that 
when at B he will be referred to O, and 
when at A he will be referred to H, his 
greatest elongation on the other side. As 
he proceeds on through A C M, the rest of 
his orbit, he will appear to return, so that 
when at C he will appear to be at O, and 
when at M to be at N, during that time 
having an apparent retrograde motion. The 
earth, however, does not remain stationary 
at E but holds on in her orbit, but much 
less rapidly than Mercury ; that planet will 
therefore have proceeded much farther 
through the heavens than H before he 
arrives at his greatest elongation, and will 
hot return in his retrograde motion so far 
as N ; and before his next direct motion 
through the heavens has brought him to his 
greatest elongation, he will be much farther 
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advanced than before, and his retrograde mo^ 
lion will not bring him so far back as at firsU 

When two heavenly bodies are seen near 
to each other they are said to be in conjunct 
tion. This may be the case with Mercury 
or Venns with the san, either when in that 
part of their orbits which is between us tmdl 
the snn, or on the other side. Two heavei^- 
ly bodies are said to be in opposition when 
in opposite parts of the heavens. This can 
never be the case with Mercury or Venus 
with the sun, as neither planet is ever 
sufficiently remote from him. 

Mercury, when viewed by telescopes of 
great power, appears to have phases like 
those of the moon, and his horns are direct- 
ed towards the east when an evening star, 
and towards the west when a morning star. 

Sometimes Mercury comes directly be- 
tween our earth and the sun, and is then seen 
through a telescope like a very minute black 
spot, entering upon one side and gradually 

proceeding across the sun's disk to the 

« 

other. 
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The ancients gave to this planet the name 
x)f the god Mercury. The figure by which 
lie is marked in Almanacs is ^, and which 
is intended to represent the cadnceus or rod 
of Mercury, with two snakes twisting round 
ky which the- ancient fables represent Mer- 
cury as carrying. 

The path of Mercury through the heavens 
is not in the plane of the ecliptic, but iu'^ 
clined to it about 7^. 

The mean apparent diameter of Mercury 
is about 10*9 which^ by a calculation of 
trigonometry, makes his diameter in English 
miles about 8224, which will give his bulk 
about iV ^^^ ^^ ^^ earth ; but as his den- 
sity is supposed to be 9^ that of water, 
whilst that of the earth is only 4|, the quan- 
tity of matter must be about ^, or nearly 
^ that of our globe. 
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OF VENUS. 

Venus is the brightest and most beaa* 
ttful of all the planets ; of a white colour, a 
little inclined to yellow. She is menlioned 
iii Homer's Iliad, xxii. line 888; also byHe- 
siod. This planet is also mentioned kl 
Isaiah, xiv. The name of the goddess VeiAis 
has been bestowed upon it by the Greeks 
and Romans, as being stippoaM to be tbd 
favourite of that divinity. 

Qualk ubi Oceani perfusus Lucifer luida, 
Quem Venus ante alios astrorum diligit ignes. 

^neid, viii. 1. 58§. ' 

When thislplanet is first seen in the even* 
ing, it is a little after sun^set, and nij^I^ 
after night, for some time, she holds on her 
way direct towards the east, and removing 
farther and farther from the sun. When 
arrived at her greatest elongation, she then 
again begins to approach the sun, and at 
last is lost in his light. After being for 
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tome dnys invisible, this planet is again seen 
in tke morning, a little before sun-rise, and 
ia oalled the morning star^ and she conii* 
nues to advance in a retrogade motion 
onurngst iSie stars, removing farther and 
farther from the sun, until she has again got 
lo h^r grc^teflt elongation, when she again 
€l>mnieilces a direct motion along the hea» 
yens, and approaching to the sun, at last 
be^omdB invisible in the blaze of his lights 
and umtH she again appear after sun^set as 
jdie evenkig-star. The same cause which 
l^ttkes Mercury appear to have a retrogade 
flDaotioq,^ occasions the same in Vieniis alck^ 
3110 mean time occupied- by Venus, froiil 
hex greatest elongartion in the evening to her 
fetom to the same position, is 584 dayai 
S^ is therefore an evening star for more 
tfaaii. nine months, and a morning star for 
about the same time. Venus takes up !^24 
daya 16 hours 41 minutes 32^^ seconds 
lA completing her revolution round the 
Sim. 

Veiliis reflects on the earth more Ugh}; 
JJkan what proceeds from any of the other 
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planets, or of the fixed stars ; and indeed at 
times her light is superior to thsft of all the 
others put together, for she casts a shadow 
on the groondy which they do not. This sha- 
dow is distinctly perceptible on the gprass w 
on a white wall. 

When examined by the telescopic, the 
phases of Venns are mnch more distinctly 
seen than those of Mercury; indeed almost 
as perceptible as those of the moon; her 
horns being pointed towards the east when 
an evening star, and towards the west when 
a morning star. When Venns presents her 
full enlightened face on the earth, she is 
then on the side of the sun farthest from 
the earth, and accordingly she then appears 
comparatively small, and her light is widely 
scattered before it reach the earth. She 
gives most light when she is so situated^ 
that about little more than one quarter of 
the enlightened disk is seen from the earth* 

The apparent diameter of Venus is, when 
in that part of her orbit nearest the earth, 
fbur times as much as it is when she is seen 
in the pari; of her orbit which is farthest off. 
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Venus is sometiines so bright as to be seen 
in full day by the naked eye. This pheno- 
'menon depends only on her relative position 
in reg^d to the sun, and 6ccurs almost 
every nineteei^ months, but with remarkable 
splendour every eight years. Not being, 
lM>wevery generally noticed by the common 
people, when they happen to observe it they 
feel great surprise. In the time of Dr. Hal- 
ley it occurred at London, and that astro- 
nomer had to explain the phenomenon, to 
remove the terror which was entertained of 
judgments coming on the country. 

Venus sometimes passes directly between 
the earth and the sun, and she then appears 
like a spot on his disk. This is called the 
transit of Venus, and is of great importance 
to astronomers, as by observations then made 
they have been better able to determine the 
distance of the planets from the sun, and 
their proportional bulk. The two last tran- 
sits were in 1761 and 1769. Astronomers 
•bserved them in every part of the world, 
where there were observatories, and ob- 
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servers were sent out to distant eoontrieii 
for the same purpose. Amongst others^ the 
English government sent out asti'onomers 
to the south seas. The two next transits 
will be on the 8th of December^ 1874, and 
@th of December, 1882. 

The path of Venus is inclined to the 
plane of the ecliptic 3P 24!, 

From observation of some spots on Iier 
disk, it has been supposed,^ by Cassim, thai 
Venus has a motion on her axis which takes 
place in about 23 hours 21 minutes, and 
that her equator forms a considerable angle 
with her ecliptic. Venus is also believed 
by him to have very high mountains, and to 
have an atmosphere of which the refractive 
power differs little from that of the earth. 
These phenomena are extremely difficult to 
be seen, even with the best telescopes, 
particularly in our climate ; and it remains 
for future astronomers to confirm or refute 
them. 

The symbol ? , which was employed to 
represent Venus by the ancients, was the 
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figure of a silver looking-glass, with a handle 
•to it ; a suitable emblem for the goddess of 
love and beauty. 

The mean apparent diameter of Venus 
W 58^^ which by trigonometrical calculation 
will make the diameter about 7687 English 
miles. Hence the bulk of Venus is nearly 
the same as that of the earth ; but, as the 
density is supposed to be greater about 5f^ 
than that of. water» the quantity of matter 
will exceed a little the matter in thf 
earth. 



OF THE EARTH. 

That the Earth is roandlike aballseemiy 
at first to contradict the evidence of our 
senses, and it is certainly opposed to corn* 
mon prejudices ; for though the earth may 
be proved to be round, yet it is a body of. 
so large a size, that within the narrow space 
of what is at any one time submitted to our 
view, the obliquity is not very considerable 
or manifest. The globular figure of the 
earth was known to the ancients, and ad- 
mitted by those who were not convinced of 
the earth's motion, or of there being anti- 
podes, or inhabitants, on the opposite side. 
In the earlier periods of antiquity the glo- 
bular figure was unknown, and one philo- 
sopher imagined he had explained how the 
earth was supported, by supposing it to be 
placed on the back of an elephant, and that 
elephant to be placed on the back of a tor- 
toise. ^ Herodotus, about 400 years A.C. 
sneers at the idea of the rotundity of the 



OF THB BABTH. 61 

eaplh, yet about that time this truth was well 
known to the Egyptians. 

The arg^uments by which the earth's ro« 
tundity is proved are as follows : 

1. If we stand by the sea-shore, it appear* 
to the eye that there is a bend in the ho* 
TiBon ; and of this we are convinced if we 
ascend a hill near the sea^ for at every step 
our prospect is enlarged. The same is the 
case in ascec^ing a tower, and vessels which 
were not visible at the water side may then 
be distinctly seen. If the surface of the sesi 
were flat, a vessel might be seen at the same 
distance in either case. The sailor at the 
top-mast sees much farther than the sailors 
on deck. By ascending half way up the 
tower of a light-house, after seeing the sun 
set, that luminary may again be seen, and 
after he has a second time disappeared, he 
may still be seen set a third time by going 
up to the top. 

2. If we observe a ship departing from 
Uie land, her hull first disappears, then her 
yards, and afterwards her top-mast. Now, 
as her hull is the most bulky part, this would 
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ikot be the first to disappear were the nxnts 
face of the sea not curved. If we observe 
a ship come in sight> her top-mast is first 
seen^ then the yards and sails, and lastly 
the hall. If varions ships be in sight at 
the same time^ the hulls of those which are 
near us are visible ; of those at a greater 
distance we see no lower than the yards^ 
and of those farther off only the top^masts. 

3. It was at an early period observed by 
ttie ancient astronomers that, in going north' 
wards, certain stars which were situated to^ 
wards the south were not to be seen. Atso^ 
if they went southward nearer the equator, 
stars formerly not to be seen were then visi* 
bie. If the earth had been a plain, the samet' 
stars would have been seen from every pari 
of it ;■ whereas> the whole stars in the hea* 
vens are not visible from any other place 
but from the equator. By rectifying the 
globe for the latitude of any place, and turn* 
ing it round, it will be seen what stars never 
rise above the horizon at that place. At th6 
poles only stars of one hemisphere are ever 
visible. 



4. It was also observed^ that the sun ap« 
peared at a different elevation at one place 
from what he did at another. At Alexan-* 
dria at the longest day the son would bd. 
88^ T above the horizon at 12 o'clock^ at 
AAens he would be only 75P 2Sf, and at 
Byzantium 72^ 28'. This could arise from 
no other reason, but the rotundity of the 
shape of the earth. This different elevation 
of the sun was first noticed from the differ-* 
tot le^gtii of the shadows. The elevation 
of the moon and stars was observed to be 
eflEbcted in a similar, manner. 

5; In an eclipse of the moon, which is 
caused by the earth coming between the 
sun and moon, the outline of the earth's 
shadow is always round, which would not al* 
ways be the case if the earth were not round. 

These reasons were sufficient to prove 
the rotundity to the ancients, and there .are 
a variety of proofs known to us which con-* 

firm them. 

6. As the figure of the sun, moon, and 
plaiiets is ascertained to be globulari by. 
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analogy, we onght to expect that of our 
earth to be so too. 

- 7. In levelling tp make a canals it U. 
found necessary to go seven or eight incliea 
every mile below the straight line or levd f 
if this were not done the line of the level 
wonld leave the earth altogether. 

9. In addition to these, the earth has 
been circamnav|gated times innumerable 
since the time of Magellan in 1519, by 
Drake, Anson, Cook, Bougainville, and 
innumerable other navigators. 

It being ascertained that the earth is glo^i 
bular, it is next to be considered what is 
its size. This was attempted to be done by 

' the ancients. Posidonius, who was coeval 
with Pompey and Cicero, observed that the 

• star Canopus, in the constellation Argo, 
which at Alexandria was 71° above the ho* 
rizon, when at the meridian came only into 
the horizon at Rhodes. He thence inferred 
that the distance between the two places was 
7J® or -^^ of the earth's circumference. . It 
was only necessary then to ascertain the dis- 
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lance between these two, and to multiply 
by 48, to have the earth's circumference. 
He supposed the distance to be 3750 stadia, 
and hence reckoned the circumference to be 
180,000 stadia. This is the size of the 
earth as given by Ptolemy in his geography. 
Eratosthenes, 194 A. C. by order of King 
Ptolemy, ascertained the latitude of Syene 
in Upper Egypt, and of Alexandria, and 
attempted to measure the earth. The Ca- 
leph Almamoun, about 800 A. D. attempted 
the problem in the same way, by causing the 
distance of two degrees to be measured in 
the plain Sinjar, near the Red Sea. 

The principle upon which the ancients 
attempted this calculation was just, but 
they were very inaccurate in carrying it into 
execution. Rhodes is not 7i° north of 
Alexandria, being only about 5°, and the dis- 
tance assigned, 3750 stadia,' was a number 
taken at random. As we cannot be certain 
what was the exact length of the Grecian 
stadium, we are unable to ascertain the 
amount of the error. It is also unfortunate 
that the numbers vaiy in different authors. 
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In 1635 Norwood^ an Englishman, attemp!>^ 
^ed the solution of the problem, by measa^ 
ring the distance from London to York, and 
by a mariners' compass taking the bearings 
of the road at every change of its direction, 
and by the nsnal rales in navigation, finding: 
the distance in a straight line. The result 
fonnd by this method was honourable from 
its accuracy to the mathematician, and gave 
69^ miles and 14 poles to a degree, which 
would make the cirgumference of the eatfh 
to be about 25,035 miles, which is a degree 
6f accuracy highly astonishing, considering 
the state of science at the time. 

Since his time various admeasurements 
have been made of parts of the earth'^s sur* 
face, from which the extent has been accu"* 
rately ascertained. The French have^ willi 
extreme exactness,- measured from Formen- 
tera, one of the Balearic islands, to Dun- 
kirk ; and a trigonometrical survey, con- 
ducted with at least equal skill and science, 
has been extended over Great Britain. * 

The French sent out mathematicians who 
measured a degree in Peru on the equator^ 
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and to Tornea to measure within the Arctio 
circle. Various other measurements have 
been made in North America^ Africa, and 
India. 

As tiie result of all these, it is ascertained 
the^liHtance from the pole to the equator 
i^ about 82,808,990 feet, or about 6218,^ 
tiriles. 
. The whole circumference of the earth is 

ik^efwe about 24,865 English miles, and 
the diameter about 7911-r7r milos. 

These admeasurements have ascertained 
another fact respecting the form of the earth, 
which was first suggested by Sir Isaac New- 
ton. The earth in reality is not exactly 
globplar, but flattened a little towards the 
poles ; so that the diameter from pole to 
pole is to the diameter across the equator 
, as 229 to 230. This swelling of the earth 
at the equator is occasioned by the motion 
of the earth on its axis, which tends to 
throw out bodies, by that tendency which 
matter has to fly off as far as possible from 
the centre of motion. If the earth were to 
revolyein twelve hours, instead of twenty- 
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four, this enlargement at the equator Would 
be mach greater; and, were the earth to re« 
vdve in forty-eight hours> there would be 
less difference between the diameter from 
pole to pole and across at the equator. 
The matter accumulating at the equator 
increases there the power of attraction, 
and has at last sufficient power to check the! 
influence of the centrifugal force, and con- 
sequently no greater enlargement after that 
takes place. 



OFTHEMOONANDHER MOTIONS. 

It has been already shown that the moon 
bas a diarnal motion similar to that of the 
son, rising in the east, and describing an 
arc throngh the heavens and setting in the 
west. In the coarse of twenty-seven 
days, seven hoars, and forty-three mi« 
nates, the moon makes a progress throngh 
the ecliptic and returns to the same stars, 
or in nearly fifty-five days goes twice 
round the heavens^ and comes back to the 
same stars. When it is new moon she is 
between as and the sun, and is of coarse 
invisible, as the light which falls apon her 
is reflected back in the opposite direction. 
Bat two or three evenings after, as the 
moon comes roand the heavens in twenty- 
seven days, seven boors, forty-three 
minates, whereas the son requires a year, 
the moon is so far distant from the san, thai 
she is visible after son-set, and the light is 
then reflected firom the crescent which is seeo 
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by us ; the light from the remaining part 
of the illaminated face being reflected in 
another direction. Every succeeding night 
the moon is seen at ja greater distance from 
the san, and a larger part of her disk is 
visible. At last, in about a fortnight, the 
moon has got to that part of the heavens 
which is directly opposite to the sun, and the 
light from the full orb is reflected back to 
us, and it is then said to be full moon. The 
moon still continues her progress towards 
the east amongst the fixed stars, and ap- 
proaches the sun on the other side, and the. 
enlightened part of her disk as seen from 
the earth becomes less and less, and is in a 
difierent side from what it was with the first 
and second quarters of her course. The 
horns of the moon are always directed from 
the sun ; hence her horns point towards the 
east after new moon, and she continues to 
fill up the vacant space till half moon ; and, 
still increasing in the part visible from the 
earth, she is called gibbous until full moon. 
After that she begins to disappear in the 
west side, and is called gibbous until next 
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half moon, and for the remaining quarter 
her horns are directed towards the west. 

As at ftill moon the sun and moon are in 
directly opposite partis of the heavens^ it 
firilows that, at twelve o'clock at nighty the 
moon will be exactly south, or on the meri- 
dian^ and at the greatest height above the 
horizon for that night. As the new moon 
is near the sun on the east side of him, she 
will appear after sun set, as soon as the di- 
mini&dbied brightness of the light of day will 
allow her to be seen. After full moon the 
moon is to oe looked for in the mornings 
and, as she rises later and later, in her last 
quarter she will rise but a little before the 
snn. 

.It is to be remarked, that in the first and 
second quarters that side of the moon which 
is towards the west is that which is illumi- 
nated, being that which is then next to the 
siin ; whereas in the third and last quarters, 
it is the side of the moon which is towards 
the east which is illuminated,' and which is 
then next to ihe sun. 
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By observation it will be seen that the 
moon comes to the meridian every . day 
about fifty minutes later than she did the 
day preceding. 

The time the moon occupies in passing 
round the heavens from any star to her re- 
turn to that star, is about twenty-seven days, 
seven hours^ forty- three minutes; but the 
time which elapses from one new moon to 
another^ is about twenty-nine days, twelve 
hours, forty-four minutes, two seconds. At 
new moon the sun and moon are in the same 
part of the heavens ; but, by the time the 
moon has come back to that part, which is 
twenty-seven days, seven hours, forty-three 
minutes, the sun has proceeded on through 
the heavens 27^ farther to the east, and is 
still going on, and the moon has to overtake 
him before she again be in that position 
which is called new moon. 

The youthful student has no doubt rer 
marked how little we see of the moon in 
summer, and how long and how clearly she 
shines iq winter. As the moon when full is} 
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in thai part of the heavens which is oppo- 
site to the son, and as the son in summer is 
in that part of the ecliptic which makes 
long arcs above the horizon, the moon is in 
that part which makes but short arcs, con- 
tinues but a little while above the horizon, 
and never rises very high. The full moon 
in summer revolves the same course which 
the sun does in winter. On the other hand, 
in winter the full moon is in the same place 
in the ecliptic which the sun occupies in 
summer, and performs a similar course, for 
exactly the same reasons. To impress this 
apon the mind, rectify for the latitude of the 
place ; and as the full moon about the long- 
est day, 2lst June, will be about the first of 
Capricorn, by turning the globe it will be 
seen what is the length of her course. 

In the same manner find the full moon*s 
place in the ecliptic at the shortest day, 
which will be about the beginning of Can- 
cer, and turn the globe and observe thQ 
length of her course. As the moon's course 
14 not exactly in the ecliptic, but comes 5^ or 
6^ north or south of it, her time of continu- 

B 
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anoe above the horizon, and the briUifiiM^ 
of her light will either be increased or diiiifr* 
nished thereby as she is either nearer i» 
us or farther from us than the ecliptic. 

As in the northern climes of the world 
beyond a certain latitude there is a perpe- 
tual day in summer, so for the same reasona 
for a certain time every fortnight in winter 
the moon never sets, but continues the 
whole of the twenty-four hours to illuminate 
these snowy regions. This greatly softens 
the hardship of their condition ; and when 
we consider that they have the reflection of 
this light from the snow, and that, in the 
absence of the moon, the stars and aurora 
borealis afford them light, they are not so 
much in darkness as we might suppose. 

The moon in her monthly progress round 
the heavens uniformly presents the same 
face to the earth. In order to do this she 
must have a motion on her axis, and revolve 
rpund it, in exactly the same time which 
she takes to go round .the heaven^. We: 
may be allowed to conjecture why nature 
has so disposed the moon to present uni^ 
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fomdy the same face to as^ and we may 
suppose that the other side of the moon is 
less adapted for reflecting the lig^t, and 
was intended hj nature for another purpose. 
There is, however, what is called the libra- 
tion of the moon, by which, in addition to 
this surface usually seen, a small space is 
noticed on her eastern and western side, 
and also a small space at her poles. 

The haif of the moon, which is next to 
the earth, enjoys either the direct light of 
the sun or the light reflected from the earth. 
The other half of the moon is a fortnight in 
the light and the next fortnight in darkness. 

By accurate observation of the spots of 
the moon, Cassini was able to determine 
that the axis of the moon was precisely per- 
pendicular to the ecliptic* The course of the 
moon through the heavens is not exactly in 
the ecliptic, or sun's path, for in that case, 
in the course of every month she would 
conte between the earth and sun at new 
moon, and cause a solar eclipse, and at 
full moon the shadow of the earth would 
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fall upon her disk and caose a Innar eclipse. 
The moon's coarse, however, is never yery 
far distant from the ecliptic, never exceed^ 
ing from &° to CP, and half her coarse is on 
the soath side and the other on the north. 
The points where the moon's course cuts 
the ecliptic are called nodes : that where 
she cats the ecliptic in coming north being 
called the ascending node, and the other 
where she cuts the ecliptic going south the 
descending node. The place of the nodes 
is constantly varying, but according to a 
certain rule, so that astronomers can calcu- 
late it for a thousand years to come to the 
utmost precision of time. When the sun 
happens to be near the node at the time the 
moon passes it, there is an eclipse; or if the 
sun be directly opposite, on the other side 
of the heavens there is an eclipse. 

The place of the nodes has a regressive 
motion of 19° 19* 46" in a year, which car- 
ries them round the ecliptic in 18 years 234 
days. Hence after every nineteen years, the 
motion of the moon will be the same as before. 
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This lunar cycle was inscribed by the Greeks 
in golden letters, and it was from that oanse 
called the golden number. 

The distance of the moon from the earth 
is abont 240,000 miles or sixty semitdia* 
meters of the earth. The diameter of the 
mooti is about 2180 miles : the surface 
is -X7 and the balk is -^^ that of the earth ; 
but the quantity of matter is about Tf^, the 
moon being more dense than the eatth^ 
being 5| that of water, whilst the density 
of the earth is 4i. 

The surface of the moon is very uneven. 
The brighter parts as seen to the eye are 
the tops of mountains, and the darker spots 
are supposed to be seas, in which the rays 
of the sun falling for the most part sink and 
are not reflected. The lunar mountains 
cast shadows on the plains, and these vary 
in appearance according as the moon is si- 
tuated in regard to the sun. Many deep 
caverns are seen and on one side a shadow, 
and on the other is light, as we taught to 
expect. The surface of the moon, as seen 
through a telescope, resembles a honeys 
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ronb. MatlienuLticiaiis have ailenqited to 
measiire the height of the lanar wonntain^y 
and have found them to be, inproportioii to 
the GompanOive bulk of the earth and moon, 
much higher than those of the earth. Tliere 
are appearances of volcanoes in the moon, 
and the formation of new spots and sparks 
obser^'ed in obscure parts lead us to believe 
that they are the eruptions of volcanoes in 
Si state of activity. 

It has been a laatier much contested if 
the moon had any atmosphere at all. It is 
a well known principle in optics that light 
passing out of a rarer into a denser medium 
is subject to refraction. Hence the rays of 
the sun are bent on entering the region of 
the earth's atmosphere. Were the moon to 
have an atmosphere, as that of the earth, 
when she approaches near a star, in her pro- 
gress through the heavens, • the ray of light 
coming from the star to our earth would 
have to pass through the atmosphere of the 
moon, md the refraction would be visible, 
and easily ascertained by observation from 
the earth, for the star would not be so soon 
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eclipsed by the moott, and would sooner 
eeime again into sight. Innumerable ob- 
servations have given astronomers reason to 
saspect that there is a Innar atmosphere, 
bat theefibct produced by it is so small that 
the atmosphere must be of a rarity infinitely 
great compared with that of our earth, and, 
in fact, almost as rare as the vacuum pro« 
dnced in the air-pump. If the moon then 
be inhabited it mlist be by animals differoiit* 
ly organbed, as ta l^reathing, from the 
animals on the surface of the earth. 

It firequently happens, about three (ht 
four days, after the new moon, that within 
the crescent appears the ^st of the figure 
of the moon. This phenomenon is called 
by tibe French hmdere cendree. It arises 
from the light which falls upon the earth 
being reflected «pon the moon, and iUumi' 
nating, to a certain degree, the face present- 
ed to the earth ; the thin crescent reflects 
to ms the full blaze of the solar light, and 
the rest of the lunar surface m^ly the 
coniparatively feeble light from the earth. 
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It has been noticed that a brighter re- 
flection proceeds from the moon when the 
continental parts of the eartji are opposite 
to her, than when the great Atlantic or 
Pacific ocean is in the same situation. As 
there is less light reflected from the sea than 
from the land on the moon, it follows she 
cannot then retam so much to us. 

7o the inhabitants of the moon tj^e earth 
must present all the difierent phases or 
changes of appearance which the moon doei 
to us ; but as the earth's diameter is so much 
greater, it will appear about thirteen times 
larger. At the time when it is new moon 
to us, the earth being then on the opposite 
side from the sun, will reflect light from the 
whole of the surface, and will then be full 
to the moon. The opposite of this will be 
the case when it is full moon. 

By observations on the earth the inhabit- 
ants of the moon may be able to obtain an 
annual division of time, from the alternate 
illumination and obscuration of the north 
and south pole. 
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OF MARS, 

Thb planet Mars is less brilliant than 
Venus, and appears of a red colour^ which 
is supposed to arise from the density of his 
atmosphere. Mercury and Venus are never 
seen beyond a certain distance from the sun, 
but Mars may be seen sometimes in the 
quarter of the heavens immediately opposite 
the sun, and therefore as far from him as it 
is possible. The mean duration of the 
revolution of Mars round the heaven, from 
his departure from a star to his return to 
the same star, is about 687 days, but he is 
about 760 days in returning to the same 
relative position in regard to the sun. 

The, motion of this planet is direct from 
west to east round the heavens, but not 
uniformly so, for he has, after a certdn 
l^igth of time, a retrograde motion for 16 
degrees, occupying the time of 63 days« 
His course through the heavens is not ex- 
actly in the plane of the ecliptic^ or the path 

e3 
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OP MABS. 



of the son, but not far from it, being in- 
clined only r 61'. 

The cause of the apparent retrograde 
motion of Mars will appear from the follow- 
ing diagram and explanation. 




Let S be the sun, and A B C E the orbit 
of the earth, D M F part of the orbit of 
Mars, and HON the firmament of fixed 
stars. Let £ be the earth's place, and ds 
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Mars moves much less rapidly, he may be 
considered at rest. Whilst the earth mores 
through part of her orbit E A B he will Bp^ 
pear to move from N to II, directly through 
tiie heavens ; so that when the earth is at A 
he will appear to be at O, and when the 
earth is at B he will appear to be at H ; but 
whilst the earth moves through B C E to E 
he will appear to return to N, having ti 
retrograde motion, so that when the earth 
is at C he will appear to be at 4), and when 
the earth is at E he will appear to have 
come back to N. Whilst, however, the 
eaYth moves from E to B Mars is not 
at rest, but moving on through the heavens 
he will therefore be rdvanced farther than 
H before he begins to appear to move back- 
wards, and he will not appear to return so 
far as N. In his next direct progress he 
will advance farther through the heavens 
than before, and will not return so far. 
Thus he wHl go on, making uniformly a 
long direct course and, alternately, a short 
retrograde course in the heavens. 

Mars can be in conjunction with the sun 
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only when in the opposite part of his orbit 
to our earth, or on the other side of the 
son. When he is in opposition to the sun 
the earth is between him and the sun, and 
as he is then nearest to the earth he will 
appear then to have a larger diameter, and 
gi^e more light than at any other time, 

^ars varies much in the length of his 
apparent diameter. At a mean distance it 
is 19^, but when he is in exact opposition to 
the sun, and nearest to the earth, the ap- 
parent diameter is 56'^. 

The disk of Mars, when examined through 
a telescope, has a different appearance at 
different times, according to his position in 
regard to the sun. He is never homed, 
like the moon, but is sometimes oval. 

From spots on his surface it has been 
ascertained that he has a revelation on his 
axis in about 24 hours 39 minutes, and that 
his axis inclines to the plane of the ecliptic 
60^. From the motion on his axis his equa- 
torial diameter is longer than his diameter 
rom pole to pole in the proportion of 194 
to 189. 
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Mars is not known to hare any satellite 
or moon. He is indeed so small that were 
lie to have a satellite it must be too minute 
to be perceived from our earth. 

The symbol employed to represent Mars 
in our almanacs is ^^ of which the cir- 
cular part is the shield, and the other part 
is the spear or arrow of a warrior, and were 
proper emblems for a planet on which was 
bestowed the name of the god of war. 

The mean apparent diameter of Mars 
being 27" his diameter in English miles is 
abont 4190, his surface about i, and his 
bulk about -f that of the earth; but as his 
density is estimated to be only 3^* that of 
water, the quantity of matter is only about 
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OF CERES, PALLAS, JUNO, 
AND VESTA. 

The success of Herschel in discovering 
a new planet, and the fame and immortality 
thereby acquired, induced many astronomers 
to explore the heavens with greater atten- 
tion. The result has been the discovery of 
four planetary bodies, extremely minute in 
size, between the orbits of Mars and Jupi- 
ter, moving from west to east, like the other 
planetary bodies, and at times exhibiting 
the same phenomenon of an apparent retro- 
grade motion. 

Ceres was discovered by Piozzi, at Pa- 
lermo, June 1, 1801 ; Pallas was discover- 
ed, March 21, 1802, by Olbers, of Bremen ; 
Juno, September 1, 1804, by Harding ; 
Vesta, March 29, 1807, by Olbers. 

Th^ orbit of Vesta is inclined to the 
ecliptic about 7°, that of Juno about 13^, 
of Ceres about 16^, and that of Pallas not 
less than about 35^. 
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Vesta revolves in 1326, 930 days. 

Jano 1594, 23 

Ceres 1681, 37 

Pallas ...... 1686, 619 

These bodies are to be seen only by the 
help of very powerful telescopes, and they 
are extremely minute in size, the diameters 
being less than 200 English miles. 

Mr. Olbers is of opinion that these planets 
are the fragments of one large planet, which 
an explosion, from soma unknown cause, 
has burst in pieces ; and hence he concludes 
that all their orbits ought to cut one another 
in two opposite points of the heavens^ which 
he found by calculation to be one near the 
constellation Virgo, and the other near the 
whale, and that of course they must pass 
through these points in every revolution. 
In fact, the four have been found near these 
points, and the two last after Olbers had 
suggested this idea. 
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OF JUPITER. 

Jupiter is next to Venus the most bril- 
liant of the planets, and his colour is "very 
white. His direct course is near the eclip^ 
ticy and not departing farther from it than^ 
1® Iff, and may be traced from year to 
year, and it is 12 years before it is ac- 
complished. If therefore he is seen near 
any star this year, by the same time next 
year he will haVe gone no farther to the 
east than the moon would have done in two 
days and a half. The same cause which 
makes Mars appear to have at times a retro- 
grade motion will cause Jupiter to appear 
to have a retrograde motion also, but as he 
is at a great distance from the earth, the 
effect of the different situation of the earth 
in regard to him is not very considerable, 
Jupiter in his apparent retrograde motion 
passes over only ten degrees, but occupies 
above 121 days. 
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His revolution round the heavens is effected 
in about 4332 days, 14 hours. From his 
great distance the apparent diameter of 
Jupiter does not vary much in extent.. 
Its mean is 36* and when it is greatest it is 
45'. When this planet appears brightest 
to uSy he is more brilliant than when Venus 
is in the less bright parts of her course; 
but when Venus is in the brightest part 
of her course she much surpasses Jupiter. 

From the spots on his surface he is known 
to revolve round an axis perpendicular to 
the ecliptic, from west to east in about 9 
hours, 56 minutes. From this rapid revo- 
lution it necessarily arises, that there 
should be a considerable difference between 
his polar and equatorial diameters, and ac-> 
cordingly the former is to the latter as 167 
to 177. 

By calculating his distance, and observe 
ing the apparent diameter of this planet, he 
is known to be more than a thousand times 
larger than our earth. 

There are seen on Jupitar what are called 
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belts, from their going round him. Tehy 
are parallel to each other, but they vary in 
their appearance from time to time, which 
gives reason to believe that they do not ad- 
here to the body of the planet itself, bat 
are floating aronnd him uJ^e clouds in the 
atmosphere. 

By observation of Jupiter with the tele- 
scope, there have been seen four satellites 
which revolve round him at different times, 
according as they are n^ar to him or farther 
off: the nearest satellite occupying about 
1 day 18 hours; the second about 3| 
days ; the third about 7 days, 4 hours ; and 
the fourth about 16 days, 16 hours. 

These satellites are sometimes seen to 
pass over the disk of Jupiter, and then th^ 
project a shadow on him. They are opaque 
and then shine only by reflecting the 
solar light. By passing between Jupiter 
and the sun they occasion eclipses of the 
sun to that planet, in the same manner as 
the moon occasions an eclipse of the sun to 
our Earth. 
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JFi^Her oasto a shadow behind him, and 
wJbea his satellites pass through it, they are 
eclipsed in the same manner as our moon 
is by passing through the shadow of the 
earth. Hie satellites of Jupiter always 
disappear behind him, on that part which is 
opposite to the sun, and, of course, they 
tben pass through his shadow. The moUon 
of the satellites is from west to east. 

As these satellites are at such a yasi 
distance from our earth, their apparent 
diameter is altogether insensible ; and as 
their appearance varies at different times, 
and according to the state of the atmo- 
sphere and the telescopes employed, and 
firom other circumstances, it is impossible' 
to determine, with any certainty, what is 
their size. 

Their great proximity to Jupiter, is the 
cause of their rapid revolution around him. 
They have a mutual influence upon one 
another, which affects the regularity of 
their motions. 

Assuming the apparent semi-diameter of 
Jupiter as unity, the following is the proper- 
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tional distance of his four satellites, and the 
times of their revolution, in days and frac« 
tional parts. 

Mean Distance. Time of Revotntion* 

I. Satellite 6,04853 1,769137788148 

il. Satellite 9,62347 3,551181017849 

ni. Satellite 15,35024 7,154552783970 

IV. Satellite 26,99835 16,688769707064 

The orbits of the first and second satel- 
lite differ so little from circles, that the 
elliptical form is imperceptible. In the 
orbit of the third satellite it is scarcely 
sensible; but in the fourth it may easily 
be perceived. 

The satellites of Jupiter exemplify the 
proposition discovered by Kepler, that the 
squares of the times of revolving bodies 
are in proportion to the cubes of the 
distances. 

The symbol for Jupiter V- is generally 
understood to be the letter Z, the first 
letter of Zeus, the name of Jupiter in 
Greek. It has also been thought to repre- 
sent the forked lightning, and the fancied 
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shape of the thunderbolts, which the god 
Japiter was supposed to wield. 

The diameter of Japiter being about 
90,000 English miles, his bulk is 1400 times 
that of the earth; but, as his density i^ 
estimated at only 1 -^ that of water, the 
quantity of matter will be only about 324 
times that of the earth. 
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OF SATURN. 

Saturn is more remote from oar earth 
than Jupiter, and he is of a somewhat livid 
colour, and less in appearance than Mars. 
His motion rotind the heavens is from west 
to east, almost in the plane of the ecliptic, 
not departing from it more than 2^ Sff, and 
occupies a period of 10,759 days, or nearly 
30 years. If, therefore, he be once recog- 
nized in the heavens near any large star, he 
will be found from year to year, making bat 
a very small progress, not moving so mnch 
from that star in a year as the moon would in 
the course of 24 hours. In his apparent retro- 
grade motion, he passes over very little more 
than 6 degrees in the space of 139 days. His 
mean apparent diameter is about 16*^, bat 
his size is not greatly affected by his posi- 
tion with regard to the earth and sun, his 
distance at all times being very consider- 
able; for when nearest to the earth he is 
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distant more than eight times the distance 
of the earth from the son, and when far- 
thest from the earth only about ten times. 

The proportion of the polar to the eqna- 
torial diameter of Saturn is nearly as 10 to 
11. This indicates that this planet must 
revolve rapidly on his axis. Dr. Herschel, 
by diligent observation of this planet, with 
a powerful telescope, has ascertained that 
Saturn has a motion on his axis like all the 
planetary motions from west to east, and 
that the time of his diurnal motion is 
about 10 hours 16 minutes, being a little 
more than the time of Jupiter's diurnal ro- 
tation. * 

Saturn has seven satellites at various dis- 
tances, and consequently revolving round 
him at various periods. By spots remarked 
on one of these satellites, it is ascertained 
that in revolving round Saturn, the same face 
is always presented to the primary planet, 
and it must therefore turn on its own axis 
in precisely the same time that it occupies 
in its orbit. In this respect it exactly 
resembles our moon and the satellites of 
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Japiter, and it is probably a general role of 
nature in regard to all secondary planets. 
We may conjecture, therefore, with seem- 
ingly good reason, that nature which is 
uniformly found to be economical in the 
means employed to effect her infinitely varied 
purposes, has formed one side of these se- 
condaries belter adapted than the other to 
reflect the light on their primaries, and that 
the two hemispheres of the secondaries vary 
in their nature and in the intention for 
which they were formed. 

Assuming the apparent semi-diameter of 
Saturn as unity, the following will be the 
proportional distances of the satelliteSji with 
their times of revolution, in days and deci- 
mal parts of a day. f- 

Mean Distance. Time of Befa|«tioft. 

I. Satellite 3,351 Ofi0t 

II. Satellite 4,300 IJskdlH 

III. Satellite 5.284 l,8d?B0 

rV. Satellite 6.819 2,79948 

V. Satellite 9,529 4,51749 

VI. Satellite 22,081 15,94580 

VII. Satellite 64,359 79,32960 
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The square of the times of revolation 
are to each other in proportion to the oiibes 
of the distances. 

From the vast distance.ofSatam.it is 
not easy to discover the elliptical form of 
the orbits of his satellites ; that of his sixth 
satelKte however is sensible. 

Dr. Herschel observed on this planet five 
belts nearly parallel to his equator. 

Saturn, when viewed through the tele- 
scope, presents to the astronomer a singular 
phenomenon of the appearance of a ring 
surrounding him. Hnyghens, by long ob- 
servation, ascertained that the ring was in 
all its parts detached from the body of the 
planet. This ring is inclined about 28^ to 
the plane of the ecliptic, and is always pre- 
sented obliquely to the earth, so as to have 
the appearance of an ellipse of which the 
breadth is about one half the length. It is 
sufficiently opaque ^to cast a shadow on the 
body of the planet, which is visible to some 
powerful telescopes. The position of the 
rin|^, in regard to the earth and sun^ is 
frequently such as to render it invimble, as 

F 
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Dr. Hersohel discovered thai this planet 
had six satellites rerolving round it, but 
other astronomers have not been able to per- 
ceive so many. 

The apparent diameter of Herschel 
hardly exceeds 4'. 

Assuming this diameter as unity, the ap* 
parent distances of the six satellites, and the 
times of their revolution in days and deci- 
mal parts will be as follows. 







Mcwi Distance. 


Time of Serolntioii, 


' I. 


Satellite 


13.120 


5,8926 


II. 


Satellito 


, 17,022 


8,7068 


III. 


Satellite 


19.845 


10,9611 


IV. 


Satellite 


22,762 


13,4559 


■V. 


Satellite 


45,507 


38,0750 


VI. 


Satellite 


91,008 


107,6944 



The times of revolution of the second 
and fourth have been .determined from ob- 
servation. The times of revolution of the 
others have been calculated from their dis- 
tance from the planet, by Kepler*s rule of 
the squares of the times being in proportion 
to the cubes of the distances. 

The symbol for Herschel ^ is the first 
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letter of the name of the gpreat discoverer^ 
with a cross sabjoined to it, as it was disco- 
vered in the time of Christianity. 

The diameter of Herschel is aboat 
35,000 English miles, his balk is therefore 
about 83 times that of the earth ; bat his 
density being estimated at ^V that of water 
the quantity of matter is only 18 times that 
of the earth. 



. The following are the places of the pla- 
nets on the 1st of January, 1820. 

Longitude. 

Mercury . . m 22° 12' 



Venus 
Mars • 
Jupiter 
Saturn 
Herschel 



Latitude. 




3^ 6' 


north 


10 31' 


south 


8° 66' 


north 


6° SC 


soath^ 


2° 1& 


soath 


0" & 


sonth 



. yf 0° 30' 
• o r 37' 

. yf 18^26' 

. ;»: 26° r 

. m 25° 35' 
Mercury and Venus rapidly change their 
place^ Mars much more slowly, but the 
otb^r three make comparatively a very small 
change of place in a long space of tine* 
By means pf an ephemeris, which, is pub*- 
lished every year, the place of the moon 
and planets for any given day may be found. 



OF THE MOTION OF THE EARTH 
AND PLANETS ROUND THE SUN. 

It was in the dark ages of the worl4 
supposed that the earth was the centre of 
the universe, and that not only did the 
heavens revolve round it in 24 hours, but 
also that the sun and planets bad another 
motion round it; the sun in a year, the 
planets in different periods according to 
their distances^ . This ignorant theory was 
supported and attempted to be explained 
by Ptolemy, and it has hence been called 
the Ptolemaic system; 

Observation on the motion of the planets 
proved that the phenomena presented coald 
arise from no other cause whatever, bat 
from the planets revolving round the sun. 
This theory Pythagoras learned in Egypt, 
and taught to his disciples ; but as he did 
not make himself sufficiently acquainted 
with the proofs by which it was support^, 
it of coarse w^s received only by those 
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whose . reverence for his anthority was so 
great, as to indace them to depart from the 
commonly received opinionSy and implicitly 
adopt whatever he taught. 

The revival of science in modem times 
again re-established the belief of the Pytha« 
gorean system. It, however, revolted so 
much against the received prejudices of 
mankind, that even the learned and diligent 
astronomer Tycho Brahe, whilst he was 
compelled to acknowledge that the planet^ 
revcdved ronnd the son, could not bring 
himself to believe that the earth was not 
the centre of the imiverse, and that the sun 
was not made to revolve round it. 

His system was at once contradictory to 
itself and to all observed phenomena, and 
was obscure and complex, in every way 
opposed to the plans of nature, which are 
simple and uniform. It was impossible it 
could withstand the light of science ; and 
the true system revived by Copernicus, 
whose name it has since borne, soon came 
into general belief. Such were the prejudices 
of the times* that attempting to oppose the 
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common errors was highly dangerous, Co- 
pernicus lived to see the proof of the last 
sheet of his work the day before his death, 
and ordered it to be published, being then 
beyond the reach of the Inquisition. 

The observations of Tycho Brahe, not- 
withstanding the errors of his theory of the 
motions of the heavenly bodies, were ex- 
tremely important. He had employed him- 
self for nearly a score of years iu observing 
the latitude and longitude of the fixed stars, 
of which he made a catalogue, and also the 
motions and phenomena of the other heaven- 
ly bodies. Kepler, his friend and the com- 
panion pf his studies, by the help of Tycho's 
observations, together with his own, dis- 
covered a law of the planetary motiona^ 
which has been extremely useful, namely, 
that the squfu'e of the time which any planet 
occupies in its revolution round the sua is 
to the cube of the distance from the sun as 
the square of the time any other planet oc- 
cupies to the cube of its distance. 

The discovery, or rather the improvement 
of the telescope by Galileo, enabled aatro*- 
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nomers to make more accurate observatioiis. 
The phases of the planets, the satellites of 
Jupiter and Saturn, with their motions, 
were interesting discoveries in themseWes, 
and useful, as furnishing the means of 
developing, the principles of the laws ob- 
served by nature, in guiding the movements 
of the diflTerent bodies in the univ^se,. 

This was reserved for the genius of New- 
ton to explain to the world. It was he who 
discovered that the principle of attraction, 
which causes a stone to fall to the ground, 
extends universally throughout nature, and 
that by it the planets are attracted towards 
the sun* He found that attraction diminish- 
ed in proportion to the square of the dis- 
tance ; so that at double the distance it will 
only be one-fourth so great ; at three times 
the distance one-ninth as much ; and so on. 
This force has been called the centripetal 
force, or force drawing towards the centre. 
. It is evident, that if there were no other 
force acting upon the planets they would 
soon be drawodown with accelerated vdiocity 
to the SUB. But there is another force 

f3 
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.which conntoracts^ this, oaHad the ceatri- 
tagA force,, which tends to cany a planet 
.off. This force is the same which causes 
a stone in a sUhg, when thrown round 
the head, to fly off as far as possible, and 
when it leaves the sling carries it off in 
a line,, a tangent to the circle which it made 
round the head. The same force acts in 
the case of a planet, and the effect of the 
two is that a planet neither is drawn towards 
Ae snn, nor yet flies off, but moves in an^ 
orbit between the two. 

The two forces, in causing a planet to 
move in its orbit, must be equally balanced, 
otherwise it would either be brought con- 
ittantly nearer to the sun, or would fly off 
into infinite space. As the attraction of the 
sun upon Mercury must be much greater 
than upon our earth,^ the centrifugal force 
must be much greater also. The conse^ 
qu^ice is,, that Mercury must move much 
more rapidly forward in his orbit ^ and^ as. 
be has not only a much shorter orbit, but 
also moves at a quicker rate,, the time he 
jQccnpies in hia revolatioa roimd the son ip 
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noeh less Uian that occapied by our earth, 
The attraction at Venus is less than at 
Mercqry, and so also mast be the centrifu- 
gal force ; hence, Venus moves less rapidly 
forward in her orbit. And it is so with all 
the planets ; the farther they are from the 
sun the more slowly they more ; and, there- 
fore, although their orbits are larger in 
exact pri^ortion to their distance, the time 
they occupy is much greater. . 

The moon being much smaller than our 
earth is much attracted towards it, and by> 
this attraction and her centrifugal force she 
is carried round the earth. By the same 
two causes the satellites of Jupiter revolve 
round him ; and as the first satellite is very 
near him, the centrifugal force must be very 
g^eat to preserve it in its revolution, arid 
hence the rapidity with which it mov^s and 
the short time required for its revoIu;tion. 
The second satellite moves less rapidly,^ 
the third still less so, and the fourth least 
rapidly of all, following the same rule in 
tbeir revolution round their primary whicb 
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the planets observe in their revolation round 
the snn. The same rule holds in regard to 
the satellites of Satnm and Herschel. 

Our moon moves more rapidly in that 
part of her orbit which is nearer the earth 
than when mqre remote. The satellites of 
the other planets observe the same mle. 

The axi» of the earth is not perpendioolar 
to the plane of the ecliptic, but inclined to 
it GSP 32f 3r, the obliquity of the ecliptic 
being 23° 27' 57% which is the cause of the 
diversity of seasons. During the whole 
period of the revokition round the sun the 
axis of the earth continues parallel to itself* 

The orbits of the planets are not exactly 
circles, but ellipses, not much differing from 
circles. The sua is in one focus of the 
rflipsel Hence, in ene part of the orbit 
the sun must be farther distant than in ano^ 
ther ; and, accordingly, the sun appears to- 
ns of a larger diameter at (me time than^ 
another, which would not be the case if the 
earth^s orbit was a circle, of which he oc- 
cupied the* centre* In like manner also the 
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moon appears of a larger diameter at one 
time than another* 

When a planet is in that part of its orbit 
which is farthest from the sun there is less 
force of attraction^ and, consequently, the 
motion is slower. It has been proved hf 
mathematicians that the planets describe 
equal spaces in equal times ; that is to say, 
supposing a string from the sun to a planet, 
that string would be drawn over an equal 
space in a day, whether the planet watf 
distant or nearer the sun, for, when nearer 
the sun, the planet would move exactly no 
much faster as to compensate for the shorter 
length of the string. 

As the earth is farther from the sun in 
our summer than in our winter months, ini: 
consequence, the motion is slower, andr 
there is more time occupied in passing, from 
the vernal to the autuninal equinox than ii^ 
passing from the autumnal to the vernal 
equinox ; the sun occupying 186 days, 11. 
hours, 51 ^linutes from the time he ent^& 
Arie& till he enters Libra^ and only 17ft 
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days, 17 houn, 58 minutes from eBtering 
Libra till he comes to Aries, the difibrenoe 
being 7 days, 17 hours, 68 minutes which 
our summer exceeds our winter. The heat 
of our summer is produced by the sun's rays 
descending upon us in a more perpendicular 
direction ; for instance, at London, on the 
longest day, they form an angle with the 
horiaon of about 62^, whilst at the shortest 
day of only 15^. The little difference pro* 
duoed by the sun being in our summer a 
little farther off is nothing in comparison of 
the effect produced from this circumstance. 
To determine the precise distances of the 
planets from the sun is a most di£Bcult pro- 
blem in astronomy ; and, from the imper- 
fection of our senses and instruments, can 
Bttver be done beyond a certain degree of 
accuracy, and to give the distances so ex- 
actly as to descend to hundreds,, tens, and 
units is mere affectation. The times of 
revolution may be observed exactly^ to less, 
tiiaaa second » 
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The distances and times of revolution of 
die seven large planets of our solar system 
are as follows, 

Dittanee. Time of Revolution. 

SI Mercury. • 37,000,000 87 d. 23 h. 14 m. 25 8. ^ 

f Venus. . . . 68,000,000 224 d. 16 lu 41 m. 32 «, ^ 
@ The Earth 96,000^)00 365 d. 5 h. 48 m. 45^ 8. 
^ Mars . . • • 145^00,000 68 days. 

% Jupiter . . 490,000,000 4332 days 14 hours. 

1^ Saturn. . . . 900,000,000 10759 days. 

Ijp Herscfaei. . 1800,000,000 30689 days. 

Of these the earth has one satellite^ Jn* 
piter has fonr^ Saturn has seven^ and Hers- 
chel six. 

The four minute bodies called Asteroids^ 
CereSy Pallas^ Juno^ and Vesta lie between 
the orbits of Mars and Jupiter.. 
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OF ECUPSES. 

An eclipse of the sun is occasioned by 
the moon, in her progress through the best- 
venSy intervening between the snn and the 
earth. Were the moon to move exactly in 
the plane of the ecliptic there wonld be an 
eclipse of the son every month ; bat at new 
moon she generally either passes above or 
below the sun, and it is only when her node 
happens to cut the ecliptic within 64' of the 
snn that there can be an eclipse, and it is 
only when the node cats the ecliptic exactly 
where the centre of the san is that there 
can be a total eclipse. 

Eclipses are either total, annular, 

or PARTIAL. 

In the case of total eclipses the 
whole disk of the ^an is hidden from our 
view. Sach an eclipse is comparatively of 
rare occurrence. In ancient histories they 
have been recorded as events of an ^xtra* 
(Hrdinary nature ; for instance^ one occurred 
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at the time of the death of RomaluSi when 
he was in torn in pieces by the senators, 
and was supposed by the populace to have 
been carried np to heaven. A similar 
eclipse happened in the sixth year of the 
war between the Modes and the Lydians. 

A large portion of the son's disk may be 
eclipsed, and there may yet be safficient 
light to render every thing visible. At 
Paris, in 1706, 10 digits, 58 minuter were 
eclipsed^ and still there was abundance of 
light, although only one*eleventh part of the 
sun's disk remained to g^ve light^ In 
1690, on September 23, about an hundred 
and eighteenth part of the sun remained 
visible, and there was not light enough to 
enable people to read and write,^ and the 
stars were visible. 

A total eclipse seldom lasts above 2 or 3 
minutes, when the sun returns with all his 



* As ouly about { of the suo's disk will remain 
visible cm September 7, 1 820, the observer will hajre 
an opportunity of judging for himself of the effect 
of the dinunution of light. 
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brilliancy. Clavius saw such an eclipse at 
Coimbra, August 21, 1560. It was dark as 
night, and indeed appeared darker. Birds 
fell to the ground. 

From 1704 to 1900 the number of visible 
eclipses at Paris is 59, without one of all 
these being total. 

An ANNULAR ECLIPSE is extremely 
bfoautiful, and occurs when the whole figure 
Qf the moon comes directly betweea the 
earth and sun, bdng at the time of an ap« 
parent smaller diameter than the son. 
There is still a ring of light shining bright 
all round the dark figure in the middle. 
There was an annular eclipse seen at Cadis 
in X764, and there will be an aniMilar 
ecBpse at Paris on October 9, 1847. 

A total or annular eclipse of the sun is, 
at its commencement, only a partial eclipse. 
As the cause of all eclipses is the moon's 
moving more rapidly from west to east 
through the heavens than the sun, and over- 
taking him, it must be that her eastern limb, 
which moves first, must first intervene be- 
tween the earth and 3un, and the western 
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aide of the son must be first bid firom our 
view» and as tbe moon passes along bis disk, 
it must first emerge into sigbt. 

A PARTIAL BCLiPSB occurs wben the 
new moon passes tbe son, either so high np 
or so low as only to come between us and a 
part of his disk. 

In giving an account of eclipses, tbe disk 
(UK f^ce of the sun or mo6n is supposed to 
be divided into 12 parts or digits, and each 
d^pt into 60 minutes. The eclipse of the 
aon, September 7, 1S30, is said to have 
10 digits 27i minutes eclipsed, which is 
about ^ of tbe disk of the sun. The eclipse 
of the moon on March 29, 1820, is said to 
have 6 digits 12 minutes eclipsed, which is 
about one half of her disk. 

An eclipse of the sun may be visible or 
invisible at any g^ven place. It is of course 
invisible at any given place if it be at a 
time either before sun-rise or after sun-set 
But it may ako be invisible even should it 
occur at 12 o'clock in the day, for the 
moon's Bkf^^ow is not sp extensive as to 
cov^ m^fe thftn a small portion of the 
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earth's surface; so that when a total ecHpsa 
takes place at one place, it cannot ext^id 
oyer a greater diameter than 180 miles^; 
and beyond that space a part of the sun's 
face may still be seen, when it is only a par- 
tial eclipse; and beyond that space the 
whole face of the sun may be visible ; when 
it is there no eclipse at all, and the 
eclipse is th^efore said to be invisible at 
that place* 

The following notice is given in the Nau- 
tical Almanac for 1820, of an eclipse of 
the sun, visible at Greenwich,' September7th, 
of that year : 

Hoan. Minutes. 

Beginning » : 24| 

Visible conjunction . . . 1 : 50f 

Greatest obscuration . . 1 : S3 

End of the eclipse. • • • 3 : 16| 

JDigits eclipsed: 10 digits 27i mipiites, 
sun*s north limb. 

There will therefore be f qf the sub's 
disk eclipsed; and as the eclipse takes 
place so soon after 12 o'clock, the altitude 
of the sun is favourable for viewing it. A 
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piece of glass smoked over the candle is 
useful in protecting the eyes from the solar 
light. 

The sun being so mnch larger than, the 
earth or moon, their shadows must be in the 
form of a cone* The length of the cone of 
the shadow of the earth is about 3} times 
as long as the distance of the moon firom 
the earthy and its breadth where it is tra* 
versed by the moon's is S^ the diameter of 
the moon. 

An eclipse of the moon arises from the 
shadow of the earth falling on the moon. It 
miisi, therefore, only take place when the 
moon is on the side of the earth farthest 
from the sun, or at full moon. As it arises 
from the mdon, in her progress through the 
heavens, coming within the earth's shadow, 
it must begin on that part of the moon which 
moves first, or her eastern side, and pro- 
oeed across her disk ; and her eastern side 
must first emerge from the darkness. Ajk 
eclipse of the moon may be either partial 
or total. When a total eclipse takes place, 
it is of course only partial at first ; aiyi 
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after the moon begms to emerge from the 
shadow, it is then only partial, as more and 
more of her disk becomes visible, until at 
last her whole disk is again restored to view. 

Eclipses of the moon, though of rarer 
occarrence than eclipses of the snn, are yet 
far more frequently visible at any g^ven 
place. As the eclipse arises from the eiHh 
preventing the solar light from falling on the 
moon, that part of the moon which i» x>b- 
scared cannot emit light to any part of the 
earth whatever, and therefore the eclipse 
must be visible to the whole hemisphere of 
the earth which is opposite to the moon tit 
the time, and to which the moon is visible. 

To find, therefore, at what places of the 
earth any eclipse of the moon will be visible, 
it is only necessary to find at what part of the 
earth the sun at the time of the eclipse is 
vertical, and bring it to the meridian, and 
throughout the opposite hemisphere the lunar 
eclipse will be visible. 

The following notice is given in the Nan* 
tidal Almanac for 1820, of an eclipse ot 
tb^ moon, on March 29fh, of that year : 
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Hours. Mlnotei. 

Begmning of the eclipse. 5 : 16^ 
Moon rises eclipsed ... 6 : 17 
Middle of the eclipse . . 6 : STf^ 
Ecliptic opposition. . . . 6 : 46^ 
End of the eclipse .... 7 : 58i%- 

Digits eclipsed : 6 digits 12 minutes, from 
the south side of the earth's shadow, or on 
the moon's north limb. 

BcUpses, haying made great impression on 
the ancient nations, are often recorded in 
history. As astronomers can easily calcu- 
late backwards and find the precise year, 
day, hoar, minute, and second when any 
eclipse took place, many dates in ancient 
history may thereby be ascertained. To 
astronomers, therefore, we are much in- 
debted for rectifying the errors of chrono- 
logy, and affording fixed and sure points to 
which we may refer. 

Afler 18 years 10 days, or 223 lunations, 
the 8i|n and moon are in the same relative 
positicm in regard to each other. If, there- 
fore, we have a list of all the lunar eclipses 
for one p^iod^ it is easy to ascertain when 
there will be eclipses in any fhture period. 
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Bat there ace 'mefpaEHea nt tb» nQtioBii «f 
die mukzadmaotty wiiick nmieriiaHBSvhit 
aiKertam. 

Tke moon, in the coinae td hut whit 
throng^ the hemveiUy xmeAaea cooks mwt 
the pbneta, and for a certm taneiiiteKcepts 
iheai comptetd; fnat Tiew. Thb k rarcif 
▼isible with Merevrr, but is of fitfiMiol oc- 
<niiTeiice with the oduar ptaaets^ It k pre- 
cicely a total eclipse of these piof U» and 
is of the same oaiBie widi a total edqise 
of the SOB. 

As this i^ieneaMnoa arises firooa &e Boon 
moriog more raipidlj throogh the heo¥eBS» 
it is her eastern side which first coTOfs the 
planets^ and they appear on the western 
side after their emersion. 

The moon more freqaently passes over a: 
star, which is nsoally called the oeemliaikm 
of a star, and in the Nantical Almanac 
for any year it may be seen on what day and 
at what hoar, minute, and second, the phe- 
nomenon will take place. When the moon 
has approached near to the st^t, in the 
twinkling of an eye the whole star 
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pears^ which is a proof that the apparent 
diameter is bat a poiat. After a certain 
time^ when the moon has passed over- the 
star, it as suddenly all at ,once coupes in 
sight. 

The nearer planets sometimes^ though 
very rarely, pass over those that ju-e n^pre 
distant, and sometimes a planet passes over 
a star. In the history of astronomy some 
instances are recorded as having taken 
place before the time of Jesus Christ. On 
the 9th of January, 1591, Mars covered Ju- 
piter, and on the 3d of October the same 
year Venus covered Mars. On the 17th 
of May, 1737, Venus covered Mercury. 
In 1598, Kepler informs us that the planet 
Venus covered Regulus, or the Lion's 
Heart. In 241 before Christ the planet 
Jupiter covered one of the stars in the con- 
stellation Gemini, called the Southern Ass. 
Id 1716 he covered Castor the largest of the 
Gemini. 

The same phenomenon may also be ex- 
hibited by the comets, in the nucleus or 
solid part of a comet, covering a star, and 

6 
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for a short while hiding it from \iew. La- 
lande observed a comet cover a star in the 
Swan on the 12th June, 1764. 

When Mercury and Venus pass over the 
disk of the sun it is a phenomenon in every 
respect similar to an eclipse, and were their 
bodies large enough to obscure a sufficiently 
great portion of the sun, the appearance 
would be the same. 
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OF COMETS. 

Comets are a kind of heavenly bodies 
considerably different from planets, bat 
mnch more nearly resembling them than the 
fixed stars. They are comparatively of 
rare appearance, particularly in our climate. 
By the aid of the telescope, and with the 
advantage of a clear sky, comets are more 
frequently seen. From 1789 to 1809 seveor 
teen comets were seen in Europe. At first 
when a comet is seen it is very small> with 
a cloudy or nebulous matter about it ; but as 
it advances through the heavens, which it 
does with g^eat rapidity, it appears larger, 
and as it retires it as suddenly diminishes, 
and then entirely disappears. The time of 
continuing in sight is different in different 
comets. A comet is generally attended 
with a long tail, which appears longer and 
larger as the comet approaches the sun. 
This tail consists of some very thin matter, 
as b evident from stars being seen through 

G 2 
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it. It is often many millions of miles in 
leng^. 

Comets in the daric ages never failed 
to excite superstitious dread of approach^ 
ing calamities. Among the prodigies enu- 
merated by Virgil which presaged the death 
of CsBsar and the subiBequent civil' wairs, 
comets held a distinguished place. 

Nee dirae toties arsere Cometae. 

Geor. u 488. 

Our great poet Milton has sunmied up the 
popular creed on the subject. 

On th' other side, 
Incens'd with indignation Satan stood 
Unterrify'd ; and like a comet burn'd 
That fires the length of Ophiuchus huge 
In th' arctic sky, and from his horrid hair 
Shakes pestilence and war.*' 

Paradise LoSTf ii. 706—711. 

Such ideas are at last happily exploded; 
but even now, should it be a wet season, 
when a comet appears, the comet is char- 
ged with being the cause of the rain, or 
should it happen to Be extremely warm and 
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dry, as was tlie oase in the aatQnm of ]811» 
the comet has the eredit, with as little 
cause. 

If, as acc<Nrding to La Place, many 
comets be not larger in their noclens or solid 
part than many mountains of our earth, it 
most be infinitely absurd to attribute to them 
any important eflTect on our globe, should 
they even approach much nearer than any 
has. yet been known to do. 

Of. what matter the more solid part or 
nucleus of a comet consists, it is not easy 
to say. It is p^rhiqps different in different 
oomets, but there is reason to doubt its 
being very solid, for a comet which ap- 
proached very near to Jupiter had no sensi- 
ble effect on that planet or his secondaries, 
which would have been the case had the 
comet contained matter in proportion to its 
balk. 

The tail is supposed to be vapour raised 
from the body of the comet by the heat of 
the son, and left in that form behind the 
solid part from its rapid motion. There ar^ 
heat and motion enough to have this effect. 
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It is always in an opposite direction to tlie 
son, it is so thin that stars ean be fieen 
through it ; there is light reflected from ifr ' 
in the same manner as^ from vaponr. A 
stronger reason than iall for supposing the 
tail, to consist of vaponr is^ that the- nearer 
the comet approaches the sun the more ex- 
tensive the tail becomes. 

When the nebulous matter precedes the' 
comet it is then called a Bearded Comet. 

Aristotle imagined the comets • to be 
merely meteors in the sky. Seneca fore- 
told^ with almost a prophetic wisdom, • what 
would be the knowledge of these bodies to* 
which mankind would arrive^. 

Kepler was the first who attempted to' 
measure a comet's orbit« 

Their orbits vary exceedingly from that 
of the planets in figure, for they come down 
near to the sun, and with an almost infinite 

rapidity whirl round and fly off into infinite 

■» . 

space ; and they difier from the other faea- 
venly bodies in moving in orbits very oblique' 
to the plane of the ecliptic, and also fre- 
quently in their progress through the heavenft 
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g<mig from east to west, in opposition Uf the 

.order of the signs, which is obseryed by all 

the )danets and their secondaries. 

^ Notwithstanding astronomers by observa- 

* tioo and mathematical investigation have 

"^ determined the form of the orbit in which a 

•^ ciMnet moves, and have devised rales by 

^ ' ^thich they may determine the time of its 

jrerolation, and when it ought to return; 

jFet experience has hitherto done little to 

. prove the accoracy of their views. Periiaps 

" file comet, in its vast range into space, 

eiKk>nnters the attraction of other bodies, 

find is carried off never to retam, or its 

matter is entirely dissipated and it ceases to 

exist as a separate moving body in nature* 

In fact, only one comet has been sufficiently 

r^ular in its motion, to enable astronomers 

with any certainty to say, on its return^ 

that it was a comet already observed. This 

comet was seen in 1«^1, 1607, in 1683, and 

last of all in 1756, and astronomers will 

expect to see it in 1835, or in the year be* 

fore or after. The period of revelation is 

about 76 years, and its greatest distance 
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from the sim is about 36 times the fengtb of 
tlie distance of the earth; but when nearest 
to the sun it is at little more than half the 
earth's distance. 

Other comets have been suspected to 
have retamed a second time, bat it is im^ 
possible to be certain. It might have been 
diflTerent coihets; In fact, we most wait 
with patience for time and observation to 
throw more light on the eccentric move- 
ments of. these singolar bodies. 
. A coinet which was seen^ in 1080; wMi 
when nearest the snn^^ only aboot' tkD 
66th part of the distance of the eartk-; 
imd if, therefcHre, the heat received from 
the sun was in proportion to the inteu^ 
sity of light, inversely as the square of 
the distance^ the comet- must have re- 
ceived about 20500 times as much heat as 
bodies on the surface of our earth, which 
would be more than su£Scient to reduce to a 
volatile state the substance of which our 
earth is composed. On the other hand, 
when removed to a just distance from tbe 
«un, the beat received at the surface from 
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ki» njB, woaU be almoet nothing wiwtever; 
Vfil if the whole body <tf the comet l¥«a 
thoroughly heated, although the heat ia all 
littrteiirimMh^ equalized, there would mt 
be experienced gpreat cold. In fact, the 
s<4i4 part of a comet is extremely minute, 
^nd therefore the heat would soon be rend- 
ered equal throughout every part of it. 

As so much vapour is raised when the 
comet approaches the sun, the heat must be 
thereby moderated, as much heat is always 
absorbed or rendered latent by a body pas* 
sing from a solid or fluid state to that of 
vapour. On the other hand, when vapour 
returns to a fluid or solid state much heat is 
given out, which must therefore increase 
the sensible heat of the comet, and dimimdi 
the effect of the great distance to which it 
removes from the sun. 

The diameters of comets are so smsdl as 
scarcely to be perceptible to the most power- 
ful telescopes. In the nucleus of the comet 
of 1811, Herschel imagined he saw a 
bright point, which he supposed to be the 
disk of the comet itself. Only one comet 

63 
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hBB as yet presented phases like the moon 
and planets, which all would have done, had 
tfaey been more than a mere point. The 
comet which did so was that of 1531, 1609^ 
1682, and 1759. 

The tails of comets extending many mil- 
Hobs of mil^ from the nucleus, in their 
progress through the heavens, no doubt en- 
eoanter various bodies which draw off a 
part, and it is certain, however, that in eacb 
return towards the sun the evaporable mat- 
ter, and tails of comets, are diminished,, 
and after a certain number of revolutions, 
they are probably dissipated entirely, and 
the comet ^is either aunihilated or only a 
small solid nucleus left behind, which be- 
comes invisible at the earth. This may 
perhaps, be the cause why so few comets, 
whose orbits have been calculated, have 
lieen known to return at the time supposed, 
to verify the conjectures of astronomers.. 
The comet of 1770 ought from the figure 
of its orbit to have returned in five- years, 
and a half, but has never since been seen. 

The ndod ia lost in conjecture whence;! 
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comets come, for what purpose they are 
formed, what is their nature, and what end 
they answer in the economj of creation. 
We cannot bring ourselves to believe that 
they are habitable. 

Whiston imagined, that the flood was oo 
casioned by the tail of a comet or a comet 
itself coming in contact with the earth. It 
is unquestionable that were a very large 
comet to approach very near to our earth, 
the attraction would draw the waters towards 
it, and raise tides sufficient to drown the 
world. But that this really took place we 
have no knowledge. 

It is also mere gratuitous assumption to 
imagine that another comet came of, a some* 
what, difierent nature, •and carried off the 
water again from the earth ; and it does not 
appear how, according to the laws of nature^ 
any such thing could be effected. 
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OF THE FIXED STARS. 

It has already been notjiced that there is 
a certain place in the heavens directly op- 
posite to the north pole of the earth to which 
the axis of the earth if prodaced, would 
extend, which is called the north pole of 
the heavens, not far from which is the north 
polar star. This point is always at rest. 
Opposite to this point, in the southern he- 
misphere is another point, which is always 
at rest and is not visible on the north side 
of the eqtkator, and which is called the south 
pole. Around these the whole of the stars 
seem to move once in the 24 hours. At^ 
London all the ^stars within 51f ° of the 
north pole, such as the Great Bear, nev^rv 
go below the horizon. 

The stars that are 51f degrees distant 
from the north pole, and not farther than 
d8i^ south of the equator rise and set ; and 
of these, the fe^rther any star is north, the 
larger is its diurnal arc above the horizon. 
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Thus Castor^ whose north declination is 
about 82° Id' rises at about 00^ to the north 
of the eastern point of the horifson, and oe^ 
onpie9 about 19 hours in performing its 
diamat aro. Regulns, whose declination is 
about 13^ 67' north, rises about 20° to the 
north of the eastern point of the horison, 
oocnpies about ].4 liours in its diurnal arc^ 
Fbmalhauty whose declination is about 90* 
4V south, rises about 56° to the south of 
the eastern point of the hori:2on, and occu-> 
pies about 6| hours in its diurnal arc» 

There is also a space towards the south pole 
which never comes above the horizon, which 
spaoe is precisely equal in extent to that 
near the north pole, which never sets. To 
represent this clearly to the mind it is merely 
necessary to rectify the celestial globe {or 
the latitude of any place, and make it re- 
vblve on its axis from east to west. 

On casting the eye towards the stars, the 
first circumstance in their appearance which 
is observed, is their twinkling. The light 
of the sun, of the moon, or of a planet^ is 
on the other hand steady. The twinkling 
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arises from the numerous particles of dust or 
▼apours floating in the atmosphere, and con- 
stantly intercepting the particles of light 
which come to us from the stars. They are 
at such an infinite distance, that were not the 
light which comes from them to spread/ they 
would appear merely of the size of the 
point of a. needle. The largest of the fixed 
stars appear no larger when examined by 
, a powerful telescope. In fact, the higher 
the power of the telescope, from its more 
completely cutting off' the radiation of light, 
the smaller the star appears. On the other 
hand, when a planet which is comparatively 
near at hand is viewed, it appears larger 
and larger in proportion to the power of the 
glass employed. In very clear weather the 
stars do not twinkle very much, and in the 
fine clear atmosphere of Egypt or Arabia, 
where astronomy was first cultivated, the 
observers passing the night in the sunimer 
months on the tops of their houses, see the 
stars rise, hold on their course, and sink in 
the west, in a cloudless sky, and withotit 
twinkling, as with us. 
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The stars which are in view of the naked 
eye, at any one time, are much fewer in 
namber than would at first be supposed. 
Id a clear frosty night, on looking towards 
the heavens, they appear innumerable ; bat 
that is an optical illnsion, arising from the 
redectioB of light from particles floating in 
the atmosphere. To destroy the illusion, 
look steadily at any one place, and ob- 
serve accurately what namber of stars are 
really in view, and it will be found that they 
are not numerous. In fact; not more than 
about a thousand are to be seen at any one 
time by the naked eye. 

The most natural way of representing the 
starry firmament would be to have a very 
large globe, into the interior of which the 
student might be placed, and by making it 
revolve it would represent the real heavens 
in miniature. It is clear that such a globe 
must be of immense size, and would require 
to be placed in a very large public building. 
One such globe was erected at Pembroke 
Hall^ Cambridge^ and is described in Long^s. 
Astronomy* 
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Every useful -purpose is equally well 911- 
swered hy the common celestial globe^ vbei^ 
tke spectator is supposed to be on Ibe Qnlf 
side of the apparent firmament of stam, 
and viewing the revolution of the heav^M, 
at it would then appear. The rising, set- 
ting, the altitude above the horizon, or Hm 
depression below it, the arcs described 
above the horizon, and the arcs below it, 
and the relative position of the stars to earii 
other, and their position in regard to the 
earth at any hour of the night, are reiure- 
sented eqasdly the same. 

The young student who first sees the ce- 
lestial globe, and the figures of men, animals, 
&c upon it, is sometimes led to expect t« 
see 9uch resemblances in the heavens them- 
selves. These he will not find, and it n^ver 
waa intended he should. When certain 
stars were first observed, and laid down 
upon the globe in their proper placeSj^ it 
was thought a convenient way of being able 
to find these again, to paint i^ome figmre 
over them. Thus, if we are told q( a stior 
in the Flying Horse, we look for that fignie 
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in the globe, and then we easily can find 
the star referred to. A star in the neck of 
the Swan is found at once by the figure of 
that bird painted od the globe. In some 
globes the stars are laid down, and the out-* 
line of the constellation given, without the 
figure being painted ; but this is less conve- 
nient, as it is a longer time before a star 
can be found ; and as booka of astronomy 
often name the limb, or particular part of 
the aifimal, it is often impossible to be sore 
which is the star> on a globe of this sort. 

The st^d in the constellations are dbtin^ 
guished by the letters of the Greek alphas 
bet. 

The largest star in aoy constellation i» 
t:alled a, the second fi, and so on. When 
the Greek letters have been all employed, 
astronoDiers then use the Roman letters, a, 
b, o, and so on ; and when it is still neces- 
sary to distinguish more stars, they then 
use the common numbers, 1, 2, 3, &o^. as 
far as necessary. It would haVe beeH^much 
simpler, and less pedantic, to have used 
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tliese numerals only for all tbe stars of any 
constellation. 

The fixed stars appear to us of different 
sizes, and have usually been classed into 
seven magnitudes. In assigning the stars 
to their different degrees of magnitude, 
there is not always a certain rule. A star 
may be of that size, that it ipay be classed 
by some amongst the stars of the first mag- 
nitude> and by others among those of the 
second, but such a star will never be classed 
amongst those of the third. Again, there 
are stars of which it is doubtful wbether 
they ought to be classed amongst those of 
the second or third magnitude, but none 
will have any difficulty in seeing that they 
cannot be said to be either of the first' ojr 
fourth magnitudes. Tbe stars of the sixth 
magnitude are the smallest stars at all visi- 
ble to tbe naked eye, and of course stars 
of the seventh magnitude are only to be 
seen by help of the telescope, and are usu* 
ally called telescopic stars. 

Catalogues of the stars were made in th^ 
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times of antiquity. Pliny infonns as, that 
HipparchnSy who lived about 120 A» C. on 
the appearance of a new star set about 
making a catalogue of the stars, noting 
their exact position and apparent magni- 
tude, that in future it might be known if 
any new star appeared, or any &tar disap^ 
peared, or if any star changed its place or 
its appearance^ 

Ptolemy, about A. D. 140, in the begin- 
ning of the reigD of Antoninus Pius, made a 
catalogue of stars, copying chiefly from 
Hipparchus, but making such alterations as 
appeared necessary to render the catalogue 
correct. The number of stars of which he 
gives the place is 1206. 

ITlug Beigh, grandson of Tamerlane, 
made a catalogue of stars, with their places, 
in 14d7. His catalogue contains 1022 stars^ 

The learned Danish nobleman Tycho 
Brahe, spent many years in the island of 
Huen, observing the places of the stars. 
His catalogue, published after his, death 
with their places for 1600, contains only 
777 st^ra. 
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A very complete catalogae was published 
by Flamstead; astronomer royal at Greeiir 
wicbi both of the stars of the northern and 
soathern hemisphere, with their places for 
the year 1680. The number of stars in the 
whole catalogae is not less than dOOO^ bnt 
inany of these are only visible by means, of 
the telescope. 

Although the celestial globe was first 
made amongst the Egyptians- or Arabians 
&r south of Greece, yet when it was.intlro* 
dooed amongst, the Graeki^ they changed 
the nameSy and sopietimed th^ flgurea of 
some of the constellations^ and many, of the 
heroes* of the Argonautio expedition, which 
was then in high adtaiiration amongst thfi 
Greeks, had the honour of having tracts pf 
heaven called by their names. The nametf 
of some stars in the southern part of the 
heavens, not seen from Greece had Grecian 
names imposed upon them. Of these we 
hare an instance in the ship Argo, which 
was not visible from Greece, and^ which 
was laid down in commemoration of Nolih's 
ark. 
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The soBthem consteUations exhibit to ns 
the history of Noah, and are a collateral 
proof of the truth of the history given in 
the Bible. The River Eridanns or Po, as it 
is called in our globes, was not visible from 
Greece or Italy, and the constellation must 
have been laid down by the Ethiopians* 
Arabians, or Egyptians; it in fact means 
Noah's flood. The ship Argo is Noah's 
ark. The raven sent out by Noah is also 
seen in the globe. The crater or cup, in 
which Noah drank his wine, and the altar 
on which he sacrificed, also preserve that 
part of his history. Modern astronomers 
have added Noah's dove. 

The best method of all, when any very 
bright star is seen in the heavens, to tell 
what* star it is, is to have recourse to 
the celestial globe. Rectify the globe for the 
latitude of the place, which is done for 
London by raising the north pole to 51 i^ 
4ibove the north side of the wooden horizon ; 
"then find the sun's place in the ecliptic for 
the Day of the month required, and bring 
it to the meridian, and set the index to 
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twelve o*clock. This gives ns the precise 
position of the heavens that day at twelve ; 
and by turning the globe roand from east to 
west, we have the position of the heavens 
at any hour we please, as may be seen by 
looking at the index of the hoar circle. 
Having then the position of the globe for 
the g^ven day and hour, we may see what 
stars are in the east^ what towards the west, 
or on the meridian, or in fact, on any part 
of the heavens, the globe being then an ex- 
act counterpart of the heavens themselv^.* 
It is remarkable that there are stars 
which have appeared, which were never 
known to have been in the heavens before, 
and stars have also disappeared^ and have 

again become visible. 

Various conjectures have been made to 
account for this phenomenon. It has been 
supposed that a star which has become visi- 

* Much assistance may be obtained by the studeut 
from " Trend's Evening Amusements," published an- 
nually, which state the remarkable phenomenci to be 
•een any evening throughout the year. 
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ble, has been at its creation at such a 
bonndless distance from our earth, that its 
light had not till that time reached ns. This 
conjecture is at least possible. Other as- 
tronomers had supposed the stars to have 
a Tery slow revolution on their axis, and 
that one side was dark and another bright, 
and that the bright side being presented to 
m the star was then seen, and as that jpart 
of the heavens had not been much observed 
before^ it was supposed to be then seen for 
the first time. This is the conjecture of 
Riccioli and Bouilland. Maupertuis sup- 
poses, that the stars in revolving had be- 
come flattened like a plate, and that when 
the thin edge was presented to the earth 
by the attraction of some heavenly body, 
the light emitted by it was not sufficient to 
render it visible. The attraction of some 
heavenly body might again present the broad 
part towards the earth, when the star would 
again be visible. This it is supposed may 
account for a star changing its magnitude 
and colour. Should the thin side be brought 
rounds so as to be presented to the earth, 
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and no cause afterwards alter the positioD, 
the star would be supposed to be lost for 
. ever. The total destruction and annihila- 
tion of a star may also take place. 

There is, however, reason to believe, that 
many stars, which were supposed to appear 
and to disappear, were only comets; and 
this is the more likely, as such things are 
of less frequent occurrence since the hea- 
vens began to be explored with gpreatev ac- 
curacy and by a greater number of able 
astronomers. 

As for the stars which are sometimes 
dark, and other times splendid, we may 
suppose the cause to arise from very large 
spots upon them, not adapted for the emis- 
sion of light, or from opaque bodies {revol- 
ving round them^; which may intercept the 
light they emit. ,. 

Of the stars which have changed theijr 
appearance, none has been more remarka- 
ble than one. that appeared in the constellar 
tion Cassiopeia in 1572. In alittle time it 
surpassed in splendour all the stars, a|^4 
even the planet • Jupiter. Its .light, .^fter- 
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wards diminished^ and it at last became . 
totally invisible about 16 months after its 
first appearance. In this time, it had not 
changed its relative position in regard to 
the other stars. The colour was at first 
white, then « yellowish red, and before it 
was finally lost of a lead colour. We are 
led to imagine, that in such cases there is a 
conflagration of a most terrific nature in the 
star. 

One part of the heavens can scarcely 
have escaped any person's observation, that 
part is the Milky Way. It is a bright 
clear circle, extending all the way round 
the heavens. The ancient fables ascribed 
it to milk that fell from Juno's breasts, 
and others ascribed the honour of its forma- 
tion to Phaeton. Aristotle supposed it 
to be a meteor; and Democritus and Mani- 
lius thought the phenomenon was occasioned 
by an innumerable multitude of small stars, 
which, though invisible to the naked eye, 
gave out a blaze of light. Several modem 
aMtronomers have liclopted the same opinion, 
amongst others, Cassini; and it was sup- 

H 
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to be in reality two stars so nearly in tbe 
same direction from the earth, that the 
light proceeding from them intermixing, 
they appear to the eye to be but one. Of 
these double stars are i of the* Lyre, y of 
Aries, and a of the Hydra, a of the Cen- 
taur, of Capricorn, a of Hercules, i of 
the Lyre, » of the Gemini, y of Androma- 
che, and fA of the Swan. 

Some stars are found to be treble as y of 
the Lyre. 

Some stars are qqadrupleor double double; 
as of the Lyre, x of Orion, f of Libra. 

Though almost all the stars have from 
the time of the earliest observations remained 
unchanged in the same place, yet there are 
some exceptions. These are Aldebaran, 
Regulns, Sirius, Arcturus, Rigel in Orion, 
Capella, and f of the Eagle. These . stars 
have in a very small degree departed from 
the position they were in, as laid down by 
Ptolemy, or even from the place they were 
in when observed by Tycho Brahe« These 
stars, which are of the first magnitude, are 
all not far from each other, and it is conjee- 
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tured may have, by means of at tract ioD, 
some effect one upon the other. 

'The science of astrology has occupied 
much of the attention of mankind, and it may 
be amusing to the reader to know the priu. 
ciples upon which it is founded. It is true 
that pretenders to astrology now are mere 
impostors on the. credulity of the ignorant ; 
but in former times the professors of this 
science were sincere in their belief, and 'had 
principles on which they founded their cal- 
eolations of good and evil which were to come 
to pass. When it was once believed that 
the stars presided over human destinies, it 
was an easy step farther to observe what 
great star rose at the birth of any great 
man*s son, and consider that to be the ruling 
star which presided over his fate. If, in 
future life, he was prosperous and happy, 
that star was considered as a happy star. 
Then the position of other stars would be 
observed also. It would happen that in 
different circumstances the same star would 
give a favourable omen, and in others, an 
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nnfavoarable, and different stars would give 
different results : it was therefore the 
business of the astrologer to calculate all 
the different effects likely to be produced 
by the stars, and to balance one tbing 
against another, thus ''fatis fata contraria 
rependens,'' to determine at last on good 
and evil to come. The planets were in a 
particular manner to be studied, as haying 
a ruling influence, and their positions at the 
time of birth were particularly to be ascer- 
tained, and as many cases as possible col- 
lected of the lives of persons bom under 
different aspects, from thence to calculate, 
by comparing the good and the bad, what 
was to be the fate of the person respectii^ 
whom inquiry was made. 

In order, therefore, to determine any 
person's nativity, it is necessary to know the 
precise time and place of bis birth. Then 
having rectified the globe for that place, 
and adjusted the globe so as to give the ex- 
act slate of the heavens at that time, it is 
then necessary to know in what place are 



Am diffurent planets. Any large star to* 
wards the east will be the ruling star» the 
inflaenoe of which may be counteracted by 
other stars^ and the power of one planet 
may coincide or oppose that of another. 
It was usual to divide that part of the globe 
which was above the horizon into six divi* 
sionSy called houses^ and that below the ho- 
rizon into as many, and draw inferences 
according to the stars or planets in the dif- 
ferent hoaseSy according as their good or 
bad influences had been ascertained by pre- 
vious experience. 

Such is an outline of this absurd science. 
If a great star rose when a prince was born, 
it did so also to a beggar ; if one man was 
successful and its influence was presumed to 
be happy, another man was unfortunate 
under the same star. Yet for many ages 
men sought to penetrate into futurity by 
such observations and calculations, and 
when unsuccessfal they supposed, not that 
the science itself was absurd, but that they 
omitted important facts in their calculations, 
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or had committed an error. In our time, 
astrology is known to be baseless as the fa- 
bric of a yision, and pretenders to it are 
mere impostors who know nothing of the 
stars, and merely avail themselves of the 
credulity of the ignorant to rob them of 
their money. 
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Thb division, of time is a matter which 
is highly important, and has occupied the 
attention of men in ail ages of the world. 
Time, according to the metaphysicians, is 
measured by the current of ideas which pass 
through the mind. Mankind have found 
natural divisions of time in the motions of 
the heavenly bodies, into days, weeks, 
months, and years. 

The natural day is marked out by the 
rising and setting of the sun, and the inter- 
mediate space from sun-set to sun-rise is 
called the night. As the year has been di- 
vided into 12 months, so from analogy the 
day has been divided into 12 hours ; as has 
also the night. Different nations have had 
different customs as to the time of com- 
mencing the day and dividing it into hours. 
The Jews and the ancient Greeks and Ro- 
mans began the day at sun-rise, and divided 
it into 12 hours until sun-set. An hour in 

h3 
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sammer was therefore longer than an honr 
in winter. The night was divided in the 
same manner, or into the military distinction 
of watches, of which there were 4 between 
sun-set and the morning. The modem 
Italians still begin the day at about half an 
hour after sun-set, and count the hours re* 
gularly until 24 o'clock, which is half an 
hour after sun-set. This method is ex- 
tremely inconvenient, as it makes the day 
begin at a different time at different seasons 
of the year, and the sluue nominal hour 
does not correspond with the same time of 
the natural day. Most nations begin the 
day at midnight, which makes 12 o'clock 
always at mid-day. Astronomers and sailors^ 
however, begin the day 12 hours later, at 
12 o'clock in the day ; and in almanacs, log^ 
books, &c. the hours go on regularly to 24. 
When astronomers come to find what is 
the exact length of the day, it is found to 
be a matter of greater difficulty than at first 
it might be supposed. The time which a 
star takes from passing the meridian io 
Gome exactly to the meridian again, is called 
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tlie sidereal day. This, however, is not ex- 
actly the same with the solar day. For as the 
tan has a motion through the heavens, f^oiE 
west to east, in opposition to his didrtiid 
motion, he has proceeded a certain way to^ 
wards the east from the time he has passed 
the meridian to his retam, and therefore he 
has that to make np. Stippose then th^t 
the snn and Regulas passed the meridian at 
the same instant to-day, to-morrow the sdii 
would be a little later than the star. In most 
days the difference is nearly 4 minutes. la 
short, the sun falling back so much every 
day, and going round the heavens once in a 
year, passes the meridian once less than the 
star in a year. 

The solar days are not always equal. One 
cause is because the sun does not move 
through the ecliptic an equal space at all 
times of the year. At the summer solstice, 
June 21, when the motion of the sun is 
slow, there will be less difference be- 
tween the solar and sidereal day than at the 
winter solstice, when the sun moves more 
rapidly. This difference of the apparent 



/ 
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summer was therefore longer l|. 
in winter. The night was ^[^ ^ 
same manner, or into the mj,' ^ ^. ^ 
of watches, of which thj | t V ^ 
sun-set and the moi^ | "^ ^ S. ^ 
Italians still begin t^. f' 1^ I ? . ^ 
hour after sun-set, i %^^\ '^^ ^ 
gularly until 24 ^^ < | ^^ ?^ | '?^ t: 
hour after sud | ^ | | | 
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tremely incoD'i |^ § 1 f 
begin at a d^ | g^ ^ 
of the yof^ ^ ^ 

does not/ 1' ..ays be 

the nat/ '*^ coming to the 

Jay ^ * Awn which proceeded 

^^ ^cic, which is the coarse of 

^^ .«ould be sometimes sooner, some- 

f «ater. This difference is called by as- 

^oomera the ascensional difference^ and is 
^flBily shown by the celestial globe. 

The division of time into weeks of seven 
days was a divine appointment, as we learn 
from the sacred scriptures.* Tradition might 

* Genesis, i. Exodus, xiu 
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%»divi8ioii amongst all nations, 

t^ Ndity was corroborated by astro- 

^ ^iOB. From new moon to full 

' ^^ t, or two weeks, the half 

,\ "^^ moon to the half moon, 

^- V \^ e liniversality of the 

* •* "V orld we have abnn- 

> W \ 

i, "^ -% "^ suggested the 

\, '^ From one 

.lom one full moon 

« days. Hence, the most 

.aons know how to reckon time 

.as. It was the custom of the Greeks, 

^d for some time with the Romans, to 

reckon twelve lunar months to the year. As 

twelve lunar months make only 354 days, 

the Roman Pontifex Maximus occasionally 

added an intercalary month to the year, 

wliioh gave him considerable importance, 

by enabling him such year as he pleased, to 

keep tiie annual magistrates a montii longer 

in office. The Mahometans still reckon by 

* Grotius, de Veritate, i. § 16. . 
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motioii of the sun through the stars, entirely 
arises froin.the difference of the rapidity, of 
inotion of the earth in her orbit, which is 
greatest when she is nearest the son, and 
slowest when she is most remote. Another 
cause of the inequality of the length of the 
solar days is the obliquity of the ecliptic, 
Ji two suns were %o start from Aries to go 
on to Libra, the one along the equator, and 
the other along the ecliptic ; the. sun which 
moved along the equator, eiLcepting so far 
as his motion was affected by the cause of 
variation already stated, would always be 
exactly twenty-four hours in coming to the 
meridian; but the sun which proceeded 
along the ecliptic, which is the coui^e of 
our sun^ would be sometimes sooner, some- 
times later. This difference is called by as- 
tronomers the ascensional difference^ and is 
easily shown by the celestial globe. 

The division of time into weeks of sevc^ 
days was a divine appointment, as we learn 
from the sacred scripturesa"^ Tradition might 

* Genesis^ i. Exodus,^ xv 



Of the divisions of time. 167 

preserve this division amongst all nations^ 
but this aniformity was corroborated by astro- 
nomical observation. From new moon to full 
moon is a fortnight, or two weeks, the half 
of which, from new moon to the half moon, 
made a week. Of the nniversality of the 
custom throughout the world we have abun- 
dant authority.* 

The motions of the moon suggested the 
division of time into months. From one 
new moon to another, or from one full moon 
to another, are 29i days. Hence, the most 
barbarous nations know how to reckon time 
by moons. It was the custom of the Greeks, 
and for some time with the Romans, to 
reckon twelve lunar months to the year. As 
twelve lunar months make only 354 days, 
the Roman Pontifex Maximus occasionally 
added an intercalary month to the year, 
which gave him considerable importance, 
by enabling him such year as he pleased, to 
keep the annual magistrates a month longer 
in office. The Mahometans still reckon by 

* GrotiuS; de Veritate, i. § 16. 
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lonar months, which is extremely iQcoiive* 
nieiit. Sappose their year to beg^n aa^ 
year the same day with oors, there being 
only 354 days in s^ lanar year, their ye«r 
must begin next time on our December 20th|' 
and the year after December 9th, andjio 
(HB, moving back eleven days every year, 
and as they do not reckon leap year, also 
losing another day every fourth year. In 
ocmsequence of this, their months begin in 
different parts of the season, and when the 
month Ramazan falls in the long days of sum* 
mer, as fitting is rigorously observed during 
that month, from sun-rise to sun-set, the 
labouring classes, who cannot afford like the 
rich. to sleep by day and feast by night, 
suffer hardships probably little contemplated 
by the Arabian prophet, since at the lati* 
tude of his native place, there was not ao 
Qiuch variation in the length of the day in 
the different seasons. 

The year, as indicated by the motion of 
the sun, is the division of time moM pro* 
per, as it always gives the same length of 
the day and the Msme state of the seasons, 
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at the same period. To detennine the real 
lengtli of the year, was in the early ages of 
science a most difficalt matter, and whoever 
will consider with himself how he would 
effect it, will at once .find it a thing not to 
be brought within even very . inaccurate 
HmitSy without much ingenuityy and close 
observation. As the weather is often so 
unlike in two successive seasons, any obser- 
vation of that sort could not determine the 
length of the year, byagreatnnmberof dayvi 
The only way by which it could be done, 
was by observing the length of the shadow 
made by the sun at the longest and short- 
est days. 

As the sun is higher in the heavens at 
twelve o'clock on the longest day, than at 
any other time, the shadow of any object, 
as df a tower, or obelisk, or gnomon erect- 
ed for the purpose, will then be the short- 
est. — On the other hand the tower or obe- 
lisk will cast a longer shadow at twelve 
o'clock on the shortest day, than on any 
other day of the year. When this was 
known, and wlien men devoted themselves 
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fo ohsenre tke hesTenlj bodies, it was not 
diflknik to ascertain the nmmher of days in 
tke jear. 

Hie most ancient obserralien of this 
kind that we meet with, is that made by 
Pvtheas, in the time of Alexander the 
Great, at Marseilles, when he foond the 
height of the gnomon was to the meridian 
shadow at the sommersolstice as213i- to 600, 
just the same as Gass^idi fonnd it to be, by 
an obsenration made at the same place, 
almost 2000 years after, in the year 1686. 

Pliny tdls ns, the shadow of the gnomon 
at Rome, at the Equinoxes, was to the 
height of the gnomon as 8 to 9. By an 
easy calculation in plane trigonometry, 
we thence find the height of the equator 
48^ 22", which gi^es the laUtude 41'' 38^. 

The most ingenious kind of gnomon is 
that which admits a ray of the sun, by a 
^ole in a plate of metal, in the roof of a 
church upon a meridian line in the floor. 
The most celebrated of this kind is that 
made by Cassini in the great church of St» 
Petronius at Bologna, in Italy, 
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The great pyramid of Egypt which is 
built with its foar square sides exactly 
north, south, east, and west, was em* 
ployed for this purpose. At Lacedsemon 
was an obelisk to determine the length of 
the year. The Caliph at Samarcand had a 
tower erected for this purpose. A Spanish 
historian informs us, that even the Peruvians 
had fallen upon this method of finc^ng the 
longest and shortest day. 

It is extremely probable that the year 
was at one time believed by the Egyptians 
to consist of 360 days, which in fact conti^^ 
nued to be its length in their calendar, only 
they added at the end of it 5 intercalary 
days, which were observed as holidays. 
The circle of the heavens, like all other 
circles, was divided into 360 degrees, 
which no doubt took its origin from the be- 
lief that the sun passed round the heavens 
in 360 days ; and that he passed one of 
those degrees in a day. The utmost exact- 
ness and observation would be required to 
find the length of the year, as to the num- 
ber of days, without regarding any excess 
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of hours and minutes, which would only b# 
discovered after a long period of time. It 
would be effected by drawing a meridian 
line, and a number of concentric circleSp 
and the length of the shadow would after- 
wards serve to point out at any time thf 
season of the year. 

The discovery that the year consisted of 
865 davs is mentioned by Herodotus five 
centuries before Christ; but Plato and 
Eudoxus about 80 years afterwards, learned 
Ibat the year consisted of 365 days 6 hours. 
When Julius Csesar, in his character of 
Pontifex Maximus, set about reforming the 
Rpman calendar, he fixed that 3 years 
successively should consist of 365 days, and 
^ following year of 366 days, whrch wa| 
ddled Bis$e^tile, and is with us called 
Iieap Year. As, however, the year is not 
quite so long as 365 days 6 hours, but only 
366d. 5b. 48' 49' the consequence w^b, in 
the course of time, that the commencement, 
as determined by the Julian calendar, was 
10 days later than the real course of ih^ 
seasons, and several moveable feasts bf the 
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church were deranged in the time in which 
they ought to be observed. Pope Gregory, 
therefore, decreed that 10 days should be 
struck out of the calendar after October 
4tb, 1582; so that the following day, in- 
stead of being called October 5th, should 
be called October 15th ; and in order 
that the same error might not arise . in 
the course of time, he ordered certain years 
to be reckoned only common years, which 
are 1700, 1800, and 1900, which m. 
stead of being leap years as being the fburdi 
from the preceding leap year, were to have 
only 28 days in February as common 
years. This regulation will, for a long pe- 
riod of time, keep the same day of the 
month at exactly the same season of the 
year. This is what is called New Style, 
and was immediately adopted in all coun- 
tries which acknowledged the papal autho- 
rity, but was not introduced into England 
till 1752, when it was received by act of 
Parliament. As 1700 and 1800 were con- 
sidered only common years instead of leap 
years, as by the old style, the difTerence 



164 OF THE DIVISIONS OlF TIMB. 

between the old and new style is now 12 
days. Hence a letter from Russia, dated 
Jaly 4th, would be written on the same day 
as July 16th in England. In readibg of 
any event in English history previous to 
1752, it is necessary to recollect the differ- 
ence of the old and new style, which before 
1700 was 10 days, and between 1700 and 
1800 was 11 days. Thus the battle of Cut 
loden, fought on April 16th, O. S. would by 
the present style be said to have been fought 
on April 27th, 1745. 
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OF THE DIVISIONS OFTHEGLOBE, 
AND OF LATITUDE AND LON- 
GITUDE. 

The Poles of the earth are those points 
which are at rest, and are constantly direct- 
ed towards the same place in the heavens, 
namely, to a point near the north polar star 
in the northern hemisphere, and to a place 
within the square formed by four large stars 
which are near the southern pole of the 
heavens. 

The Equator is a line drawn round the 
earth, of which every part is exactly at an 
equal distance from either pole. At the 
equinoxes, either on the 1st of March, or 
on the 23d of September, the sun is di- 
rectly perpendicular to this part of the 
world. 

The Tropic of Cancer marked on 
the globe, is that part to which the sun is per- 
pendicular at the longest day. The inhabit- 
ants, at twelve o'clock, then have the sun 
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directly over their heads. At that time tho 
light of the sun will reach just as far as the 
Antarctic circle on the soiithem part 
of the world, and, therefore, at oar longest 
day all within that circle will be in darkness 
the whole of the twenty-foar hoars. As the 
tropic of Cancer is aboat 2SP 28' north of 
the equator, so the antarctic circle is jost 
the same distance from the soath pole. The 
light of the san mast necessarily illuminate 
one half of the globe at once, and will 
therefore extend 90^ on either side of that 
part to which it is perpendicular; when 
therefore the sun is at the tropic of Cancer 
his light will reach beyond the north pole 
23^ 88', and all within that distance of the 
north pole will be illuminated the whole of the 
twenty-four hours. The boundary line of this 
illuminated part is called the Arctic CIRCLE 
When the sun has retired to his farthest 
distance from us, at our shortest day on the 
21st of December, he is then directly per- 
pendicular to the tropic of Capricorn, and 
at twelve oVIock the inhabitants see him di- 
rectly over their heads. As he is then 
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US? iSf sontb of tbe eqnator, his rays must 
Ihea reach 23^ 28' beyond the soath pole, aad 
all places within that distance of the south 
poie» in other words within the antiarctic 
circle, must enjoy perpetual light the whole 
of the twenty-four hours. On the othw 
hand, being 23P 28' from the equator^ hi* 
rays cannot reach farther than to the arctic 
circle, which is 23"^ 28' from the north pole, 
and all within the arctic circle must then bet 
in perpetual darkness. 

The poles of the earth, the equator, the 
tropic of Cancer, and the tropic of Capri- 
corn, the arctic and antarctic circles, are 
therefore laid down upon the artificial ter- 
restrial globe, as having their origin in 
nature. 

After our shortest day, as the sun advaiii- 
ces on through the ecliptic, he is every day 
becoming perpendicular to places nearer 
and nearer to the equator; his rays will^ of 
course penetrate farther and farther every 
day beyond the arctic circle, and so far 
less beyond the south pol^ ; it will therefore 
follow that moire and more of the country 
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within the arctic circle will cease to be in- 
volved in perpetual night, and less and>less 
of the space within the antarctic circle will 
be illnminated with perpetual day. When 
the sun is perpendicular to the equator his 
rays extend exactly from pole to pole ; but 
as he advances on through the ecliptic, and 
becomes perpendicular every day to places 
farther and farther north, more and more 
space around the south pole is involved in 
perpetual darkness, and more and more 
about the north pole has perpetual light, un- 
til he reaches the tropic of Cancer, when all 
within the arctic circle is perpetual light, 
and all within the antarctic circle is perpe- 
tual darkness. 

Exactly similar phenomena now begpb to 
take place as the sun gradually retires to- 
wards the equator, from it onwards to the 
tropic of Capricorn. 

Latitude is the distance of any place 
from the equator, and is expressed in de- 
grees, minutes, and seconds, each degree 
containing 60 minutes and each minntei 
60 seconds. There -are 90 degrees from 
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the equator to tbe pole. Each degree ^n- 
tains about 69| Englkh miles. Tbere are 
varioufl circles drawn on the globes parallel . 
to the equator, to assist in finding out tbe 
degree of latitude, and they are called pa- 
rallels of latitude. 

. It is comparatively an easy astronomical 
observation and calculation to ascertain the 
latitude of any place. It is only necessary 
to fiqd the height of the pole of the heavens 
at that place. At the equator, which has 
no latitude, tbe pole of the heavens is in 
the. horizon ; at the pole itself of the earth, 
the pole of the heavens would |)e 90^ high, 
or exactly perpendicular. At any interme- 
diate place the height of the pole would be 
exactly the latitude of that place. 

The latitude of any place may easily be 
determined by ascertaining the altitude of 
tbe equator above the horizon. From the 
north to the south point of the horizon are 
180^ Of these degrees there are 90"" be- 
tween the equator and the pole ; and there- 
fore from the horizon to the equator on the 
m^idian line, and from the pole, to the hori- 

I 
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z6n there are together 00°. If, therefore, 
we find the altitude of the equator^ and 
subtract it from 00^ we have the altitude af' 
the pole or the latitude of the place. 

The altitude of the equator may easily 
be known by observing the altitude of the 
centre of the sun at twelve o'clock. Sup- 
pose the sun's altitude 48^ 18', and his de^ 
elination on that day, as found in the table, td^ 
be north of the equator 7° lO'; by subtract- 
ing r 10' from 48*^ 13* there remains 4V 9r 
the height of the equator, and that subtract- 
ed from OO"" will give 48'' 57 north, the lati- 
tude of the place. Again, suppose the sun's 
altitude to be 44° 25' and that his declination 
is 12^18' south of the equator, these two 
added together make 56° 48' for the altitude 
of the equator, which subtracted from 90° 
make 83° 17' north, the latitude of the place. 

In order to determine the latitude in tiie 
main ocean, the sun's meridian altitude U 
observed every day at twelve o'clock. 

The altitude of the equator may also be 
known by taking the altitudes of xmy large 
«tar when crossing the meridian, and (tie 
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calculatioti is so far easier, as the declina- 
tion of the star or its distance firom the 
eqaator is always the same. Thus, suppose 
the meridian altitude of Aidebaran to be 
64° ITp by substracting his declination on 
the north of the equator 16° 8' we have 
48° 9 for the altitude of the equator, which 
g^ves the latitude 41° 51' north. 

To moke these observations with sufiScient 
correctness to answer the purposes of naviga- 
tion is extremely easy, but to find the longi- 
tude is often an extremely difiScult problem. 
Let us suppose a line drawn from the north 
pole through London, and continued on to 
the south pole, that line would be the meri* 
dian of London, and the number of de g ree 
and minutes any place was situated from that 
lipe, would be its longitude either east or 
west as the place might be. 

DifiTerent nations have adopted different 
meridians ; thus whilst the British adopt the 
meridian passing through London, or to 
speak more exactly through the observatory 
in Greenwich Park, the French make use 
of the meridian of Paris, the Dotoh that dT 
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the island of Ferro in the Canary isles, the 
Americans that of Washington, their federal 
city. 

' The longitude of any place is counted 
upon a circle supposed to be drawn through 
that place parallel to the equator. By look- 
ing at the globe mauy such circles may be 
seen. Such circles are smaller the farther 
they are from the equator, and the nearer 
to the poles. At 60° latitude such a circle 
is just one half the size of the circle of the 
equator. All the circles are however divided 
into 360 degrees, each degree containing 
60 minutes, and each minute 60 seconds. 
Therefore the length in miles of these de- 
grees will be different in different latitudes, 
and we cannot tell how many miles one 
place is east or west of another merely by 
knowing the difference of longitude. 

Finding the longitude is a much more 
difficult matter than finding the latitude. 
Of the various methods by which it is done, 
that of finding the difference of time betwixt 
th^ first meridian and the place in question 
is the easiest, where it can' be applied; As 
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Ibe earth revolves round it axis in 34 hours, 
when it is twelve o'clock at London, a place 
15^, i.6. -^ of 360^9 east of London, will have 
it one o'clock in the afternoon; and on 
the other hand, a place 15^ west of Lon- 
don will have it only 11. For any greater 
or . less number of degrees there will be a 
proportional difference of time. Hence, 
if we know the difference of time, we can 
easily convert it into degrees, minutes, and 
seconds of longitude by the proportion of 
one hour to 15 degrees. Example :— sup- 
pose It to be half past 3 when it is 12 in 
the day at London, required the longitude. 
The difference of time is 3i hours. As 
1 hour : IS'' : : 3i : 5SP 3(K, longitude sought ; 
and as the time is before that of London, 
the place is to the east. 

It is easy to find the time of the day at 
any place, as it is exactly 12 when the sun 
is on the meridian, and at his greatest height 
for the day. 

The same may also be observed by a 
variety of observations of the heavenly bodies. 
Now the hour at London is known by Har- 
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the island of Ferro in 1^. perfect a 

AmeriGansthatofWr errors it wfll 

city. ^. tj inconridera- 

The longitude- ^ ^^ London wiU 

npon a circle ' ^hat is the London 

that placer 

ing at 1^ ^ ^ time-keeper is very expensire, 
•een. j^ ^ length of time it will not be per- 
thc /^ cf^necif ^hfch is a matter of very 
t ^JJ^conseqnence, as every minnte of error 

^^e occasions 15' of error in longitude, 
if^ce other means must still be resorted to. 

The eclipses of Japiter's satellites fnr- 
pish the means of deteimining the longitude. 
In the Nautical Almanac is laid down the 
moment the satellite disappears or comes in 
sight at London ; if such a phenomenon 
therefore be observed, and the exact time 
at the place of observation be ascertained, 
the difference of time between London and 
that place is known, and a simple rule of 
three calculation, as in the former case, gives 
the difference of longitude. The longitude 
of places on the land is best ascertained by 
such an observation. At sea, however, it 
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M impracticable, as the roIUng of the ship 
readers it impossible to view Jupiter correct- 
ly throegh the telescope. Abo if a ship stop 
in any harbour of an uuknown island, and the 
telescope and other instraments be taken on 
shore, the 'disappearing or reappearing of 
Jqpiter's satellites happens so rarely, that 
there will seldom be an opportunity of mak- 
ing such an otservation. The same may 
be said of many other celestial phenomena, 
as the transits of Mercury and Venus, which 
would give a good result were they to occur 
more frequently, and could they be observ- 
ed on board-ship where finding the longitude 
is a most important operation of every day's 
occurrence. Navigators have had recourse 
to another method, that of observing the 
distance of the moon from the sun or from 
any fixed star, and by a long and intricate 
calculation they thence make out the lon- 
gitude. It is still a desideratum in navi- 
gation how to ascertain the longitude at 
sea by a method easy of performance, and 
at the same time sufficiently correct to guide 
the course of the vesseL 
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In the Naatical Almanac all tbe caloola* 
tions are made and tables given, by whicb 
tbe labour of tbe sailor on ship-board may 
b^ facilitated in finding the longitude ac- 
cording to the methods now in use ; but 
after every assistance that can be given, it 
it a difficult and tedious operation. 
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OF THE TIDES. 

WhobvbR has been a short while near the 
sea-coast mast have observed that at one 
time the waters have retired very far and 
left a large portion of the shore, whether 
rocks or sand, dry, so that a person might 
go down upon it and gather sea-weed or 
shells ; and in a short while the water has 
began again to rise, and gradually coming up 
farther and farther, at last has come up very 
high and covered a large space of ground* 

A person at a sea-port town must soon 
observe the ground in tha harbour dry, and 
the ships resting on the mud, or lying a little 
on one side ; and gradually the water again 
entering, the boats and ships floating^ and 
a depth of water of ten, fifteen, or twenty 
feet, close by the pier. , 

When the sea retires to its greatest dis- 
tance it is said to be Lov^ water, .and. 
the part of the shore immediately next the 
water is called the Low Water Mark. When 
the water rises to its greatest height it 

i3 
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is called High water, and that part of llie 
shore to which it then extends High Water 
Mark. The intermediate space, at one 
time left dry, at another time covered 
with water, is the shore between the high 
and low water mark, and in England when 
it is dry is a part of the adjoining county, 
and subject to the usual authorities; but 
when covered with water is a part of the 
ocean, and subject to the Court of Ad- 
miralty. 

Where tlie water is very shallow, as it is 
in some sandy bays, the space of g^round 
lefl dry is very extensive. Near the Sol* 
way Firth the sands left dry are many miles 
in extent, and a very little rise in height 
must make the waves therefore overflow 
rapidly to a great distance. The imprudenl 
traveller, whd has held on his way across the 
sands, has often suffered for his forgetfulness 
of the rise of the tide. 

Where there are steep lofty rocks over^ 
hanging the ocean, and as is almost universal 
in thaf^oase, deep water beneath them, the 
only difference occasioned by the tUL^is, that 
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al l^w wmter m ccrtaoi naber of feel of Ik 
edge of Ihe rocks is seen, wUdi are kid 
from view wben Ihe waler rises bj. dw 
ooming in erf* IheUde. 

Such are llie phenoaicni of Ike lides of 
Ihe ocean, as presented every day oo Ike 
sea-coasl. In rivers wilkin Ike tide-way* 
il may be obsenred, thai for a certain anai- 
ber of konrs Ike water, instead of mnnii^ 
down towards Ike sea, rises, and runs in a 
stream contraiy to Ike nsaal direction of 
Ike current, and tkere being tken a mndi 
greater deptk of water. Tkis may be al 
any time observed in Ike Tkames, at any 
]place bek>w Rickmond, to wkich the tide 
rises. After kigk water Ike carreni of Ike 
river again descends in Ike usual manner^ 
and runs down a greater number of bonis 
tkan it ran up, as Ike river kas not only 
to discharge the water brought up by Ike 
tide, but also the water which kas flowed 
down, and keeps flowing down, from Ihe 
interior of Ike country. 

From kigk water to kigk water the lime 
IS about 12 konrs 25 minutes^ so Ikat iiis 
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twice high water and twice low water in 
24 hoars 60 minutes. The tides, therefore, 
do not return at the same hoar every day. 
If it be high water at twelve o'clock to- 
d^y, it will be high water to-morrow aboat 
50 minutes past 12, and on the second day 
at 40 minutes past one, on the third day 
at 30 minutes past two, on the fourth at 
20 minutes past three, and so on. 

It is remarked that at new moon or full 
moon, the time of high water is always the 
same at any one place. On these days tibe 
tide also rises higher than at any other time, 
and is called spring tide; and at low 
water, on the same days, the tide retires 
farther ont, and leaves a larger portion of 
the shore dry. In some harbours large 
«hips have sufficient depth of water to come 
in or go out at high water at spring tides, 
':when there is not sufficient water at any 
other time. Every succeeding day the tide 
will rise less and less for about a week, 
when it is said to be neap tide, when the 
water neither comes up so.far at high water. 
Iior retires sq far out at low water, as at 
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other times. After this the water comes 
up farther and farther every day for about 
a week, when it is again spring tide. 

From a litde after low water to nearly 
high water, the tide mns from north to 
south, on the coast of Britain and a greater 
or less number of miles an hoor according as 
it is nearer or farther from spring tide. If 
the tide be confined by islands or by sand- 
banks it will run in a very rapid stream. Thus 
in thePentland Firth, which lies between the 
North of Scotland and the Orkney Tsles, the 
tide, at spring tides, runs about nine mile^ 
an hour. The tide runs very rapidly in the 
channels between the sand-banks on the 
coast of Norfolk and Suffolk. After re- 
maining still for a short while at high water, 
the tide again runs northwards, in an op- 

osite direction, for an equal length of 
time, and again remaining still for a short 
while at low water, recommences its course 
southwards. 

When a vessel, therefore, is proceeding 
along the coast for six hours, the tide is in 
her favour, but after that time the tide for 
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six hoars is ag^ginst her^ and unless, there- 
fore, there should be a sufficiently strong 
breeze to carry her forward in the.faoe of 
the tide, it will be necessary to cast anchor, 
and wait for six hours. As the tide is still 
for some time at high and low water, then 
is the proper opportunity to cross 2^ firth 
firom one island to another* Even the tre- 
mendous firth in the islands of Maelstroom, 
on the coast of Norway, which at the time 
of the rising or falling of the tide, draws 
large vessels to a whirlpool where they are 
absorbed and lost» may at such times be 
crossed in safety. 

As the depth of water in a harbonr depends 
on the state of the tide, it is a matter of ^eat 
importance to captains of ships to be able to 
tell at what hour it is high water, that on 
their arrival they uiay know whe.her there 
will be sufficient water to admit their yes- 
sels or not, that they may either attenipt 
the harbour or keep off to sea away from 
the shore until the proper time. For this 
they have a very good rule. They find« by 
an easy calculation, what time the moon 
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com^ to the meridian on that particolar 
*day, and as it is high water uniformly at a 
certain time after the moon passes the me- 
ridian, they add that time to the hour 
already foand, and they have the hoar of 
high water* 

Thos suppose at Yarmouth they wish to 
know at what time it will be high water, 
and they have found the moon passes the 
meridian at three in the afternoon, as there 
di is always high water eight hours and a 
quarter aifter the moon passes the meridian, 
they know the time to be a quarter past 11* 

As the moon at the time of new moon 
is on the meridian at mid*day, and at full 
moon is on the meridian at 1$ at night, the 
hour of high water on those days is the 
time between the moon's passing the meri- 
<lian and high water on any day. The 
«bove rule may, therefore, be stated, to add 
the time of high water on change days, to 
the time the moon comes to the meridian. 
There is in books of navi|^ation a table of 
the time of high water on the days of new 
and fiiU moon, and it is only necessary to 
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look out the place in the table to obtain 
that time. 

It has been stated tibat the tide runs 
south when rising, and north when ebbing, 
on the east coast of Britain, and that 
it is not high water at all places at the 
same time. This will be best understood 
by the following table of the time of 
high water at different places on the east 
coast of England, on the days of new and 
fiill moon :— 

Berwick 2f hours, P.M. 

Mouth of the Tyne . . 8f 

Scarborough 4f 

Dudgeon Lights .... 7h 

Yarmouth Sj 

Southwold 9 

Orfordness 10} 

North Foreland .... 11| 

Thus it appears that the vast flood, which 
strikes upon the east coast of Britain, at 
high water, does not arrive in a line parallel 
to the coast, but strikes it obliquely, first 
coming in contact at the places farther 
north, and from a later and later time 
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Qoiiiing upon the coast at places fartiber and 

farther soath. 
:Tlie same variety will be found (m going 

east and west along the coast of the Eiiglish 

Channel. This may be seen by the following 

table: — 

Dover lli bonrs. 

Dangeness ^ 10} 

Shoreham ...... ^ • 9^ 

St. Alban's Head .... 7i 

Torbay «J 

Eddystone Lighthouse . 5| 
Lizard Point ....*.. 5 

Land's End 4i 

The flood here enters the Channel, . and 

makes it high water first at the Lizard, and 

later and later at places farther distant, 

and occupies nearly seven hours in reaching 

to Dover. 

Such are some of the leading phenomena 

of the tides, ,and of which the causes were 

8o long an object of inquiry. 

Qua vi alta maria tumescant 
Obicibus ruptis, rur8U8i]ue in seipsa residant. 

Georgic, Lib. ii. 479« 480. 



1B6 OP THE YIDB8. 

The difcorery of the doctrine of gravita- 
tion, enabled Sir Isaac Newton to find a 
iolotion in the attraction of the tun and 
moop, which is far from being without its 
difficulties, but explains most of the leading 
phenomena. 

The springy tides are at new and fall 
moon ; and high-water, in the open sea, is 
soon after the moon crosses the meridian. 
We see h^re the influence of this heavenlj 
body, and as the earth revolves on her axis 
to the east, the moon comes on the meridian 
to places farther and farther west, and the 
swelling of the tide follows at a similar 
rate. The sun also has his influence, and 
this is seen in the effect of the united at- 
tractions of the moon and sun, at new moon, 
raising a spring tide. 

The wave of tide is carried westward^ 
from where it is drawn by the moon and sun, 
strikes against a line of coast; but instead 
of striking the whole front of the coast at 
once, it may come obliquely, and succes- 
sively come in contaot with the coast running 
on from north to south, and occasion high 
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water at saccessive hoars, in the manner 
shown by examples taken from the coast of 
Bngland. In the English Channel, the tide 
entering at the wide end, towards ComwaD, 
falls back from west to east, and occasions 
high water at saccessive hoars, in the man- 
ner shown in the examples given. 

In the Mediterranean sea there are scarce- 
ly any tides, there not being a rise of water 
above that of a few inches. Hence the 
bay of Naples appears at all times like a 
fine lake, and hoases may there be built 
near the water side withoat having the dis- 
agreeable accompaniment of the exhala- 
tions which arise from the shore left dry by 
the tide. The old Romans were fond of 
laying the fonndations of their hoases in the 
sea, as is often referred to by Horace and 
other writers, and as may be seen by the 
rains which still remain. 

The Greeks, not being ^accastomed to 
tides, were mach astonished when they 
were sent down the river Indas by Alex- 
ander the Great, and found the wat^ 
rising and coming ap the river, as thej^ 
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conceived it contrary to the order of nd^ 
tore. They supposed it was the expression 
of the wrath of the Gods against their 
intended expedition; and it was not until 
they understood that it was a pheno- 
menon of constant occurrence that their 
fears were dissipated. 

The Romans were equally unacquainted 
with.the nature of tides. When Julius CmsBit 
came over to Britain, the transports coming 
from Boulogne with the horse, instead of 
arriving at Dover^ as they expected, were 
carried by the tide far out into the Channel. 
Also when CsBsar who had arrived at the 
time of neap tide had his ships drawn up 
on the beach, he supposed they were safe 
from the sea ; but there happening a storin^ 
at the same time, with a spring tide a few 
days after, most of the vessels were da- 
maged or broken to pieces. When the Ro- 
mans by their navigation on the coast of 
Britain were more acquainted with the usual 
phenomena of tides, the sailors sent by 
Agricola to circumnavigate the island were 
completely perplexed with the tides and 
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currents between the Orkney islands ; and it 
would appear from Tacitus that they imia^ 
gined the nature of the sea itself to have be- 
come altered from that of a more southern 
latitude. 

There are no tides in the Baltic, or in the 
Caspian Sea, or in general in any inland 
lakes. 

As the tides are occasioned by the attrac- 
tion of the moon drawing the water of the 
ocean towards it, it is not possible that 
there could be much difference in the Me- 
diterranean sea, for as there are only 6 hours 
for the water to rise from low to high water, 
all that can enter in Ihe course of that time 
by the straits of Gibraltar cannot make any 
very great difference, and the quantity of 
water in the Mediterranean itself on ac- 
count of its comparatively small extent and 
its' shallowness, is not sufScient to rise a 
tide of above a few inches. The same cause 
accounts for the want of tides in the Baltic 
and other inland seas. 

There are many phenomena attending the 
rise of the tides extremely irregular, and 
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whfck caa scarcely as yet be brought to 
agree with any theory. There is yet miich 
to be observed before ail the different com- 
plicated causes of the motions of the waters; 
and their different effects can be properly 
ascertained. 

The effects of the solar and lunar attrac- 
tion^ and of the centrifugal force, of the 
joint motion of the earth and moon, are 
extremely complicated, and their explana- 
tion can scarcely be brought within the 
plan of a popular elementary treatise on 
astronomy. 
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OF THE PLURALITY OF WORLDS. 

After contemplating the immensity of 
the universe, and the wonderfal order and 
harmony of the motions of the heavenly 
bodies^ we receive still higher pleasure by 
the consideration that they are the habita- 
tions of rational and intelligent beings, 
capable of enjoying happiness like onr-^ 
selves. It is the object of the present chap- 
ter to show that the probabilities of the 
universe being inhabited are so numerous 
and strong, that we cannot doubt if ; and 
that, as far as the nature of the case will 
admit, there is every proof that can justly 
be required or expected. 

Before, however, entering on direct proof, 
it may not be improper to observe, that 
such a view of creation has been entertained 
by the wisest men, and greatest philosophers, 
in all ages. It prevailed in Egypt, the 
cradle of science. There remain verses 
ascribed to the great Orpheus, in which 
mention is made of mountains and towns in- 
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oar attendant satellite.* The Pythagoreans, 
the most enlightened of the ancient sects 
as to natural science, could not contemplate 
the order of nature, imperfectly as it was 
then known^ without being persuaded that 
there were other worlds besides our's.f In 
Greece, the men who most distinguished 
themselves by their discoveries, and whose 
names were held in the highest veneration, 
entertained the same ideas. Of these we 
may notice Anaximander, who, if he did 
not invent, at least greatly improved, the 
celestial globe. Anaximenes, his scholar, 
followed his opinions.;]: To these we may 
join Anaxagoras, Xenophanes, Leucippus, 
and Democritus.§ Plutarch has preserved 
a remarkable saying of Metrodorus, the 
disciple of Democrltu^, that there was not 

• Plutarch, de Placit. Philosoph. Lib. ii. c. 13. 
Eusc^b. Prep. Evang. Lib. xv^ c. 30. La Lande, 
Art. 302. 

. j- Plutarch, de Placit. Philos. Lib. ii. c. 50. 
, I Stobxus, Eel. Phys. Lib. ix« 

§ Stobaeus, Eel. Phys. Lib. ix. Lactantius de 
Falsa Sapientia, Lib. iii. c. 23. 
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a greater ahsardity in sapposing there was 
only one blade of grass in a field, than in 
supposing there was but one world in infinite 
space. LacretiaSy the celebrated "poet, one 
of the Epicurean philosophers, afler consi- 
derable length of argument to prove a plu- 
rality of worlds, thus infers : 

** Qua propter, coelumysimiliratione fatenduro est, 

** Terramque, et solera, luoam,mare, cetera que saot, 

^ Non esse unica, sed numero magb inDomerali." 

De Rerum Natuba, lib. ii. 1083—1085. 

Which is thus rendered by Creech : 

^' It plainly follows, that there must arise 
^* Distinct and numerous worlds, earth, men, and skies. 
In places distant and remote from this/' 



ti 



Seneca informs us, that some of the 
Stoic philosophers were even so bold as to 
believe the sun himself a habitable body.* 
It is not, perhaps, straining the sense of 
the sacred text, to infer, that the writer of 
the Epistle to the Hebrews was acquainted 



* Lactantius, de Falsa Sapieatia, Lib. iii. c. 23. 
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with the idea of a plurality of worlds*— 
** Through faith/' says he^ ** we understand 
that the worlds were formed by the word of 
God."* 

On the revival (rf learning,* when Astro- 
nomy and the other sciences began to be 
cultivated^ after the long dreary night of 
darkness, which had overshadowed Europe 
during the middle ages, we find the idea of 
a plurality of worlds patronised by Coper- 
nicus, Tycho Brahe, Kepler, Gralileo, Re- 
velius, Des Cartes, and many others. It 
is now so generally received, that not to 
entertain it would be a sii^ularity. 

We now proceed to show, that the proofs 
are numerous and satisfactory. They may 
be arranged in three parts : 

I. The immense distance, size, and 
number of the heavenly bodies, render it 
impossible to be believed, that they were 
created for the sake of our earth. 

II. The more we find out respecting 
the heavenly bodies, the more clearly do we 

• Hebrews, xi. 3. 
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perceive them capable of comfortably main- 
taining inhabitants. 

III. From a survey of onr own globe, 
which we find every where abounding in 
animal life, we are led, by analogy^ and the 
uniformity we discover in the designs of 
nature, to believe the same to be the case 
in other parts of the creation. 

We shall first take notice of the immense 
distance, size, and number of the heavenly 
bodies. 

We are accustomed to speak of the 
planets, as being so many millions of miles 
distant from the sun, whilst we have but a 
very imperfect conception of the idea in our 
minds. Thus we say, in round numbers, 
the earth is 96,000,000 miles distant ; and 
this we do familiarly enough, whilst our 
imaginations are totally unable to compre- 
hend what we_ express. Let us call in a 
little arithmetic to our assistance, and cal- 
culate how long time it would require to 
travel this distance, going at the rate of 
100 miles a day. In a year of 365 days 6 
hours, 36,525 miles will have been gone 

k2 
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over. If we divide 96,000,000 by this nnni' 
ber, we shall have for 'the qaotient about 
3600, which is the number of years it would 
require, going at the rate of 100 miles a 
day, to reach the sun. In the whole time, 
therefore, which has elapsed since tii« 
birth of our Saviour, only two-thirds of the 
distance could have been passed over. 

Yet this g^eat distance of our earth from 
the sun, of which such considerations give 
us some idea, is only the nineteenth part of 
that of one of the sister planets that revolve 
round our sun ; and when it is compared 
with the distance of the nearest of the fixed 
stars, is but an imperceptible point. From 
the most accurate observations, made with 
the best instruments, by the most skilful 
astronomers, it has never been discovered- 
that the earth had any annual parallax, or, 
in other words, that the whole diameter of 
the orbit, immense as it is, bore the smallest 
perceptible proportion to the distance of 
the stars. Dr. Bradley calculated that a 
star he observed in Draco, was at least 
400,000 times as far off as the distance of 
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the earth from the san. It must therefore 
be at least 38,400,000,000,000 miles. To 
reach this star, then, at the rate of 100 
miles a day, would require 1,050,000,000 
years : so that a body moving at that rate, 
ever since the creation, which according 
to the best chronological system, taken 
from the Septuagint, is rather more than 
7000 years, would only have got about the 
160,000th part of the way. 

Let us now attend to the size of the 
heavenly bodies. The planet Jupiter is 
1600 times as large as our earth. The 
sun is no less than 1,400,000 times as large. 
The fixed stars, which shine with their own 
%ht, and are therefore so many suns, are 
probably as large, and some may be larger. 
If we reflect how small our sun appears to 
us, though so large a body, we must be 
convinced that the stars are of immense 
size, in order to be seen by us at all, since* 
they are at a distance, compared with 
which that of the sun is but as nothing. 

The number of the stars is equally amaz- 
ing with their distance and size. Dr. Her* 
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schel reckoned, that about 116,000 passed 
over the disk of his telescope in about a 
quarter of an hour. How immensely nu- 
merous, then, they must be! La Lande 
reckons them at 76,000,000.* If, there- 
fore, our sun, with all his attendant planets, 
and a thousand stars besides, as large as he, 
were to vanish away, they would not be 
missed in the vastness of creation. 

We may now ask. Is it possible to be- 
lieve that these orbs, so numerous, so 
Tast, so widely scattered in the boundless 
expanse of space, should have been cre- 
ated for the sake of our earth, which is 
scarcely a grain of sand in comparison? The 
idea is absurd, and cannot be admitted* If 
not made, then, for the sake of our efortfa, 
there can be little reason to doubt, since, 
the Creator does nothing in vain, and all 
nature is full of his goodness, that they 
were formed for the sake of their own in- 
habitants. 

* Memoirs bf the Academy at Dijon, 1785. Greig. 
Astrograpby. 
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*' For such vast room in nature unpossessed 
*' By living soul, desert and desolate , 
" Only to shine, yet scarce to contribute 
*' Each orb a glimpse of light, conveyed so far 
** Down to this habitable, which returns 
'* Light back to them, is obvious to dispute." 

Par. Lost, viii. 152 — 157. 

II. The more we find out respectiog the 
hesLYevlj bodies, the more clearly do we 
perceive them capable of comfortably main- 
taining inhabitants. 

By the benevolent wisdom of the Crea* 
tor, our own earth, by a dicirnal revolution 
on its axis, brings us the grateful vicissitude 
of day and night. When men, and the in- 
ferior animals, have become wearied by the 
toib of the day, nature kindly draws the 
curtain of darkness around them, and invites 
them to a friendly repose. The same mo- 
tion by which this grateful effect is produced 
is discovered in the planetary bodies. Of 
the diurnal motions of Venus, Mars, Jupiter, 
and Saturn, we are fully certain, and we have 
no reason for doubting it of the rest. Like 
our earth, the planets revolve round the 
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sun, and some of them, by the inclination 
of the axis to the orbit, give a varietj^of 
seasons. There are also in' the planets, 
different degrees of temperature, from the 
heat of their equator to the cold of their 
poles, adapted, ^ in our earth, for dif- 
ferent animals and vegetable productions. 

A most striking proof of the planets be- 
ing inhabited, arises from the evident care 
which the Creator has shown to furnish 
them with light. Our earth is attended by 
one luminary, the Moon, which supplies 
the place of the sun, and is of particular 
service to us in winter. For at that season, 
the full moon is in the same part of the 
heavens that the sun is in during sumiiier, 
and consequently continues longer above the 
horizon, in the same proportion as the dtiy 
in summer exceeds that in winter. That 
the planet Venus has a satellite we are not 
certain. Mars is so small, that if he h^s 
got one, we cannot, with our best instru- 
ments expect to see it. But,- with regard 
to the far distant Jupiter, we find a noble 
attendance of no less than four moons, some 
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of them larger perhaps than oar earth, and 
revolving rapidly round him. We cannot 
suppose these secondaries to have been 
made for any other purpose than for illu- 
minating the inhabitants of that vast orb. 
For though, since the discovery of the 
telescope, and improvements in Astronomy, 
they have been of service in determining 
the longitude, they are at such a distance 
from us, that with the naked eye, they 
never could be seen ; and it is but a few 
years, comparatively, that their existence 
has been known on our earth. It is particu- 
larly worthy of our notice, that in proportion 
as the planets recede from the sun, so 
much the more care is taken by the Creator 
to supply them with light by means of secon- 
daries. Saturn, much more distant than 
Jupiter, has seven moons, besides a lumi- 
nous ring. Herschel, which is but a late 
discovery, is already known to have no less 
than six attendant luminaries. 

Some of the planetary bodies are known 
to have an atmosphere ; and they all may, 
though we cannot prove it. Where there 

k3 
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is an atmosphere, we may, withont diffical^- 
ty, believe there are living creatures, who 
support life by breathing it. 

With regard to the surfaces, the planets 
are too remote for us to make any minute 
observations. The only body sufficiently 
near is, 

*' the Mood, whose orb, 
** Through optic glass, the Tuscan artist views 
** At evening from the top of Fesole, 
" Or in Valdamo, to descry new lands, 
" Rivers, or mountains, in her spotty globe.*' 

Par. Lost, i. 287. 

Her surface greatly resembles that of our 
earth, and seems equally well adapted for 
being inhabited. 

Since we find the planets thus well adapt- 
ed, as far as we have been able to discover^ 
we have no reason to stop short in our be- 
lief, but have a right to suppose they are so 
in other respects. It is an undisputed 
principle in Newtonian philosophy^ that 
those properties which are found to belong 
to all bodies within our reach, are to be 
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considered as the nniversal qoalities of all 
bodies whatsoever. If we apply this rale 
of analogy to oar present sabject, we may 
fairly believe, that as the solar system is 
well accommodated for being inhabited, the 
samois the case with the innumerable sys- 
tems throaghont the universe. 

There may, no doabt, some difficulties 
be started in opposition to our believing 
the solar system inhabited ; but it is very 
likely that a superior acquaintance with the 
laws of nature would completely dispel 
them. Before the simple doctrine of at-* 
traction was understood, it was the utmost 
effort of philosophic faith, to believe in the 
existence of the antipodes on our earth. 
Herodotus sneers at the idea of the earth 
being round. Plutardh informs us, that 
Lucius, a celebrated ancient philosopher, 
ridiculed the idea, by comparing the anti- 
podes on the opposite side of our earth, to 
cats hanging by their claws.* Plutarch 
himself did not believe in their existence. 

* De Placit. Philosoph. 
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Lnoretiofl endeavoars, at some length, to 
prove the utter impossibility.* Even in 
the age of Constantine the Great, the learn- 
ed Lactantias, the Cicero of those days, 
speaks of the doctrine in terms of contempt, 
•and opposes it by arguments he, no donbt 
thought of great weight. " What shall we 
" think," says he, " of them who assert that 
there are antipodes opposite to our feet ? 
Can anyone be- foolish enough to believe 
' that there are men, whose feet are higher 
* than their heads ? Or, that those things, 
which with us lie on the ground, there 
" hang? That com and trees grow down- 
wards? That rain, snow, and hail, fall 
upwards towards the earth? How 
** strange is it that the hanging gardens of 
** Babylon were reckoned among the won- 
** ders of the world, when philosophers can 
*' make hanging fields, and seas, and 
'* cities, and mountains ! I could prove," 
says he, a little farther on, /' that it is alto- 
''gether impossible that there should be 

♦ Lib. i. 
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"heavens below the earthy were it not that 
*' I must now conclade this book/'* The 
same side of the question is taken by St. 
Augustine, a century after.f It is un- 
necessary to take notice of the persecutors 
of Galileo, who have gained themselves a 
name which is little to be envied. 

The objections to the solar system being 
inhabited, are probably not better founded 
than those against the existence of the 
antipodes. However, we may notice the 
most plausible, which is, that the inferior 
planets, Mercury and Venus, being so 
much nearer to the sun than our earth, 
must be too hot ; and that the superior 
planets, being so far off, must be too cold. 
We cannot be too cautious in the estimation 
we form of the degree of heat and cold in 
which an animal body may thrive. The 
ancients were fully persuaded, that the 
torrid zone of our earth, lying under a 
vertical sun, must be burnt up with the 

* De Falsa Sapientia,,Lib. iii. c. 34. 
t De Civitatc Del, Lib. xvi. c. 9, 
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heat; and they also believed, that the two 
frigid zones were for ever bound in ice, and 
consequently, in both cases^ there could be 
no inhabitants. Nothing is more false. 
Nature adapts the constitution of the inha- 
bitants to every variety of climate. The 
Greenlander finds comfort amidst his icy 
cliffs, and the African under the scorching 
rays of a vertical suta. 

The reindeer and the polar bear find 
pleasure in dwelling amidst the snow, and 
the camels in the dry parched desert.— 
Nature in like manner is fully capable of 
adapting the constitutions of the planetary 
inhabitants to Uie temperature which may 
prevail. 

The temperature may also be modified in 
a variety of ways, besides distance from the 
sun. The heat originally given by the 
creator to the planets near the sun may have 
been small, and that to the distant planets 
may have heen great, and although more 
heat may be received now from the sun at 
Mercury and Venus, than at Jupiter and 
S aturu, the mean temperature of the latter 
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may still be moch higher. The heat receiv- 
ed at the equator of the nearer planets may 
by their atmosphere be carried off towards 
their poles, and equalised over the whole 
of their surface. The density or rarity of 
the atmosphere has a great influence. From 
this cause, we have on our earth, even 
under the equator, every possible variety of 
climate. On the low plains there is a 
scorching heat. It becomes milder as we 
ascend. In the wide-extended upland 
plains of Mexico and Peru, the excessive 
heat usually experienced in the torrid zone, 
is totally unknown.* Around Quito (lat. 
OP 13,) eternal spring and autumn go hand 
in hand; the exact climate which poetic 
fiction has ascribed to the golden age.*^ 
Fruits and blossoms are on the same tree, 
men are seen sowing and reaping in adja- 
cent fields. Higher up, where the air be- 
comes still more rare, are seen the hoary 
summits of the mountains clad in eternal 

* Humbold's Political , Essay on New Spain.— 
Ulloa^s Voyage. 
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snow. Thus, by ascending a monntain in 
the torrid zone, from the single circamstance 
of the air becoming rarer, we have every 
variety of climate, with all its corresponding 
vegetables, that is to be met with in passing 
from Guinea to Nova Zembla. How easy 
is it, therefore, for nature to render the cli- 
mate of the planets suitable for inhabitants. 

Seeing, then, the planets are in so many 
respects so evidently weA adapted for the 
use of rational inhabitants, and no objection 
of any weight can be brought against the 
opinion, we may justly infer, that tbe 
Creator has not exerted his power and wis- 
dom in vain, but that there, there are ob- 
ject of his bounty, who, like u^, partake of 
his goodness. 

III. We shall be led to a similar con- 
clusion by our third train of argument, 
which was, that^ from a survey of our own 
globe, which we find every where abounding 
in animal life, we are led by analogy, and 
the uniformity which we discover in the 
designs of nature, to believe the same to be 
the case in other parts of the creation. 
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Man we find all oyer the face of the globe, 
from the equator, to far within the regions 
of ice and snow. For even Iceland, Green- 
land, Norwegian Lapland, and Nova Zem- 
bla, have their inhabitants and admirers, 
who would not leave them for any fairer 
land. 

" The shudd'ring tenant of the frigid zone, 
" Boldly proclaims that happiest spot his own f 
" Extols the treasures of his stormy seas, 
** And his long nights of revelry and ease." 

Goldsmith's Traveller. 

Inferior animals are also found in every 
clime. The white fox (canis lagopus), the 
polar bear (ursus maritimtis), and the rein- 
deer, delight in the frozen regions of the 
north, and dread a southern sun. In the 
hot tropical climes, the lion and the tiger 
roam the tyrannic sovereigns of the forests; 
whilst the elephant and rhinoceros, secure 
in native strength, in the shady plains peace- 
fully feast on the vegetable produce of the 
earth. In the same regions, troops of the 
monkey tribe sport from tree to tree. The 
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places least likely have their inhabitants. 
The camel and wild ass dwell in the desert ; 
the chamois and rock goat love the Alpine 
heights; whilst the lama delights in the 
snowy ridges of the Cordilleras. No part 
of the world is left untenanted by nature. 
New Holland and America present genera 
and species peculiarly their own. As to 
the feathered creation, whether in the waters 
or on the land, on the plains or on the 
mountains, in the desert or the forest, from 
Greenland to Cape Horn, we find innumera- 
ble flocks of varied size and plumage. The 
serpent tribe, and other amphibious animals, 
abound even in countries where the rigour 
of winter subjects them to a torpor of many 
months. The ocean swarms with inhabitants 
in every clime. Shoals, mor^ numerous 
than the sand on the shore, roam from coast 
to coast. 

Perhaps the insect tribes show, most 
clearly of all, the intention of nature to 
leave no void unoccupied with animal life. 
Who can count the millions which, in every 
land, and particularly in those little occupied 
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by maDy flutter with active wing, and fill 
up the little sphere of their existence. Al- 
most every leaf is an inhabited world. If 
we call in to the assistance of our organs of 
sight the powers of the microscope, vitality 
multiplies before us, to an extent that at 
once amazes and confoundis. A drop of 
water often contains many thousands : nay, 
we are told on good authority, that in some 
fluids, there are ** animals so small, that 
3,000,000,000 of them are not equal to a 
grain of sand."* We thus perceive that 
the power of the Creator is equally beyond 
our comprehension, in small things as in 
great. 

If we thus find creation, within the 
sphere of our researches, to teem with vitality, 
can we suppose it to be otherwise in places 
beyond our reach ? The uniform design of 
nature, pursued in such a vast variety of 
circumstances and means^ in our globe, 
affords us ample reason to believe it is ex- 
tended to otber worlds also. We cannot hesi- 

* l^eill's Anatomy. 
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tate to believe, that realms so vast, and 
innainerable as the sand, scattered throng^- 
oat the boandless regions of space, are te- 
nanted by rational beings like ourselves. — 
To suppose otherwise, would be to impeach 
the wisdom of our Maker. An inspired 
prophet ascribes glory to God, that he 
formed the earth, and created it not in vain, 
but to be inhabit i.* We may apply the 
same reasoning to the universe in general, 
and believe, that throughout immense space 
where the wisdom and power of God are so 
evidently manifested, there too his goodness 
is exerted on objects capable of enjoying 
it. 

* Isaiah, xiv. 18. 



THE END. 
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